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"ACs je met een dergeCijlj project 6ezig 6ent, zverljje niet aCheen aan het moment dat juist aan de 

orde is, maar je heèt onophoudeßjlj oolj in gedachten wat er aüemaah ahgebeurd is, hoe het straks 

moet worden, wat er mis kan gaan en hoe het opgevangen moet worden....

Vergehijk het met een oorlog: achteraf in het geschiedenisboek ^ ^ een mooi, afgerond verhaat, 

waarvan de uitslag vaststaat; maar zohmg het aan de gang was hiad je als veCdheer weCiswaar je 

krijgsplan, maar het was toch Voomametijk ten chaotische opeenvolging van gebeurtenissen, 

stommiteiten en onvoorziene verrassingen, die ebk ogenbbik nieuwe bes Cissingen vereisten."

"‘When you’re involved in a project like that, you work not onfy on ^ moment that is immediately 

present, but are constantly keepiug in mind everything that has already happened, what must 

happen in the future, everything that can go wrong, and how that has to be coped zvith .... “/ou 
can compare it zvith a war: in retrospect in the history books it's a nice, rounded story, the result 

of which is kuozvn; but while it was going on, you as afield marshal may have had your plan of 

campaign, but it was still a largely chaotic succession of events, stupidities, and unforeseen 

surprises, which demanded new decisions every moment."

CFrom: Marry ‘M.ulisch, De ontdekkjtg van de hemel, tweede deel, eerste intermezzo.
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1.1 Introduction

A general practitioner may have many reasons to work on a study of acute sore throat 
for more than six years. In my case, the sort and number of reasons varied with the 
years. In the beginning, there were clear-cut patients, with or without streptococci, who 
were treated with or without penicillin: a clear-cut research question was automatically 
followed by a clear-cut answer.1 Later, there were enthusiastic doctors and their 
assistants, who informed their sick patients about our thoughts on the risks and benefits 
of penicillin. Finally, the various reasons converged into a motivation that combined both 
daily clinical practice and research. I discovered that the management of a sore throat 
episode requires knowledge, skills, and, above all, a bit of art, all three of which make 
the profession of a doctor in primary care so fascinating.2 The first two, knowledge of 
the epidemiology and skills in doctor-patient communication, are necessary because a 
sore throat is a common phenomenon that most people experience at least once a year 
and can, albeit rarely, develop into a life-threatening complication.3 Furthermore, 
adequate information is appreciated more than (antimicrobial) medication.4 The third, 
the art of medicine, is absolutely essential for the outcome of a healthy patient, because 
it is balancing of the risks and benefits of any decision.5
This study was set up to search for scientific evidence regarding the effects of antibiotic 
treatment in sore throat patients. Notably, if antibiotics are prescribed, what is the effect 
of the chosen duration of treatment?
Medical students and the general public have been taught to finish any antimicrobial 
course in order to prevent the development of resistant microorganisms.6 It has been 
suggested that, when a course with a fixed duration is stopped prematurely, the surviving 
microorganisms may develop resistance to the medication. Experiments with shortened 
courses of antibiotics for acute otitis media,7'8 sinusitis,9 and urinary tract infections,10 
however, have also proved successful and are supported by assumptions indicating a 
completely reversed association, i.e. the development of resistance through long exposure 
to antibiotics.11,12 In addition, these reports noted two advantages of a short 
antimicrobial regimen: improved compliance and reduced costs.
Experiments have also been conducted with a 5-day penicillin course for streptococcal 
pharyngitis. They focused on reduced bacterial eradication and were compared with the 
traditional 10-day course.13,14 Because no clear difference was observed between the 
two courses with regard to symptom resolution or suppurative complications, we decided 
to compare the clinical effects of 3-day and 7-day penicillin regimens. In contrast to 
most other Western countries who still recommend a 10-day course, a 7-day course is
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advised in The Netherlands.
We chose sore throat for this study, because it is a common respiratory infection in 
general practice. The potential pathogenic microorganisms are beta-hemolytic 
streptococci, which can be easily detected in a throat smear by a well-functioning 
regional laboratory. The study was set up in the early 1990s, when doctors and the 
general public were alarmed by the outbreak of acute rheumatic fever in middle-class 
citizens in the USA1316 and possibly also in Europe.17 This scare was followed by 
news of the emergence of invasive streptococcal disease, a relatively unknown disorder 
that can lead to limb amputation and even death in previously healthy persons.18,19 
The fear of further outbreaks of either or both streptococcal complications20,21 
motivated us to study beta-hemolytic streptococci in healthy and in ill persons. It was 
a challenge to select pertinent research questions. We were, nevertheless, supported by 
the huge amount of material noted in three well-documented academic theses of Belgian 
and Dutch colleagues in general practice.22,23,24

The scope of this thesis is the actual pattern of host- and streptococcus-related factors, 
clinical and bacteriological features, and complications of acute sore throat in general 
practice and the effects of penicillin treatment.
This chapter gives an overview of the most relevant literature on (1.2) incidence, (1.3) 
diagnosis, (1.4) pathogenesis, and (1.5) prognosis of acute sore throat. The role of beta- 
hemolytic streptococci is emphasized in the paragraphs on pathogenesis and diagnosis 
while the impact of penicillin treatment is reviewed in the paragraph on prognosis. The 
research questions are formulated at the end of the chapter.

1.2 Incidence of sore throat and its complications

Acute sore throat
When asked to keep a diary for a period of 3 months, approximately 5-10% of the 
general population in The Netherlands and Canada reported a sore throat; only a small 
proportion of whom (5-15%) consulted their general practitioner because of it.25,26 In 
the 1960s, more than 90% of the people suffering from group A streptococcal 
pharyngitis did not seek medical advice.25 In today’s Dutch primary care, the incidence 
of pharyngitis, which will be defined later in this paragraph, is roughly 20:1,000 per 
year.27,28 It is especially high in the age categories 0-4 and 4-14 years (100:1,000) and 
15-24 years (60:1,000). In a Dutch national survey of general practice, 64% of the
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patients diagnosed as ’acute pharyngitis/tonsillitis’ and 20% of those diagnosed as ’upper 
respiratory tract infection’ noted ’sore throat’ as the reason for encounter.29 Respiratory 
infections in children, visiting their general practitioner, were associated with a low 
socioeconomic status and with urbanization.30 Recently, interpractice and 
interregistration system variation was found acceptable for upper respiratory tract 
infections when compared with other diagnostic categories.31 In the USA, 3% of all 
visits to a physician occurred because of a sore throat.32
Acute sore throat is nearly always caused by an infection. Some physicians define a 
throat infection as ’tonsillitis’; whether or not the tonsils are present, we call it 
pharyngitis.
Only a minority (5-30%) of sore throat patients are infected with beta-hemolytic 
streptococci. To date, it is generally accepted that group A streptococcal pharyngitis is 
the only kind of sore throat for which antimicrobial therapy is considered. The few 
studies carried out on children and adults in primary care show a consistent prevalence 
of around 30% group A streptococci-positive throat cultures.33,34,35,36

Complications of group A streptococcal pharyngitis
The association between group A streptococcal disease and poor hygiene, crowding, and 
low nutritional status, noted in the beginning of the 20th century, gradually decreased 
over the next decades because of improved living conditions. Consequently, the 
incidence was already reduced before the introduction of penicillin in the 1940s.
The most common complication of streptococcal pharyngitis is quinsy (peritonsillar 
abscess). Much less common (roughly by a factor 100) are nonsuppurative 
complications, notably rheumatic fever and acute glomerulonephritis.
Actual figures on the incidence of quinsy are lacking, because of its low incidence in 
primary care and its subsequent absence from the International Classification of Primary 
Care code book.37 Furthermore, in hospital care, most cases are treated as out-patients. 
In 1949, 9 out of 175 control patients (5%) with acute pharyngitis developed an abscess 
versus 1 out of 175 penicillin-treated patients (0.6%).38 In 1959, 7 out of 275 untreated 
patients with streptococcal pharyngitis (3%) developed an abscess versus no patients in 
the penicillin group.39
Acute rheumatic fever, once feared in the Western world for its morbidity and mortality, 
has declined enormously since World War I,40 and nowadays has an incidence of 
0.5-1/100,000.41 Its resurgence at the end of the 1980s in the USA, and later in Europe, 
seems to be restricted to certain areas.42,43
The incidence of acute poststreptococcal glomerulonephritis has decreased considerably
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in The Netherlands, from 20/100,000 in the early 1960s25 to roughly 2/100,000 in the 
1980s.44 The latter figure is based on 140 yearly hospital admissions of old and new 
cases, summated with an estimated 140 newly treated out-patients.
Surprisingly, the resurgence of invasive group A streptococcal disease in the past decade 
in the Western world, with an incidence of 1-2:100,000,45,46 was not associated with 
poor living conditions. Cases were observed to occur throughout the population, not 
clustered in time and place, and often in previously healthy persons. Nevertheless, 30- 
50% of the cases had an underlying disease, like diabetes mellitus, COPD, or 
malignancy. Only 2-16% of the cases were preceded by a sore throat episode (Paragraph 
1.5).

1.3 Diagnosis

Streptococcal pharyngitis
Clinical features- Patients with streptococcal pharyngitis commonly present with sore 
throat (mostly of sudden onset), pain on swallowing, and fever. Nausea, vomiting, 
abdominal pain, and headache may also be present, especially in children 
On examination, patients have tonsillar erythema with or without exudate, a red and 
swollen uvula, petechiae on the palate, and tender enlarged anterior cervical lymph 
nodes. Tonsils, if present, are enlarged and erythematous, often covered with a patchy 
exudate. The papillae of the tongue may be red and swollen; it may resemble a 
strawberry.
Clinical signs (fever, exudate, anterior cervical lymphadenitis, scarlatiform rash) and 
epidemiological findings (young age, winter time, prevalence of beta-hemolytic 
streptococci in the household or community) may strongly suggest the diagnosis of 
streptococcal pharyngitis. The clinical picture alone often makes doctors overestimate 
the probability of group A being present. For example, experienced physicians in the 
USA overestimated the presence of these streptococci in 81% of the cases.47 
Many algorithms have been developed to predict the presence of group A streptococci 
in the throat flora of children,48 adults,49,50 or both.51,52,53 However, the positive 
predictive value of these scorecards do not exceed 77% in children and 55% in adults. 
Center et al. compiled a set of four clinical features for testing adults,49 which is used 
in several countries. Studies in Norway and The Netherlands, for example, have shown 
that the more Center criteria that are fulfilled, the higher probability of a positive throat 
culture for group A streptococci.35,52
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Rapid strep tests- Further precision of diagnostic procedures can be reached using the 
rapid antigen detection test. This test measures the presence of group A carbohydrate 
antigen, being part of the streptococcal cell wall.54 If a colour change occurs within a 
few minutes of taking a throat swab, then streptococci are present. Compared with blood 
agar plate cultures, the specificity of this test is acceptable (90-100%), but the sensitivity 
is considerably lower (60-90%).55'56'57-58 Recently developed optical immunoassay 
tests promise a higher test sensitivity, and thus a better predictive value.59,60 
As for any diagnostic test, the prior probability of group A streptococcus presence in the 
selected population determines the value of the test. The optimal test strategy for sore 
throat patients in general practice has not yet been found in countries like England61 
and The Netherlands.54,58,62 Generally, doctors in these countries prefer the sore-throat 
strategy to be patient-oriented rather than streptococcus-oriented.
One of the arguments for implementing any strep test is the alleged increase of 
compliance with therapy once the patient is aware of the streptococci in his/her throat.63 
In the USA, however, where the guidelines of all medical associations strongly advocate 
a diagnostic streptococcus test, 73% of the physicians prescribe antibiotics for 
pharyngitis without conducting such a test.64
In Denmark, the use of such a rapid test led to a small reduction in antimicrobial 
prescriptions for group A streptococci-negative patients, but to a huge increase for group 
A streptococci-positive patients. The netto result was a 28% increase in antimicrobial 
prescriptions for sore throat patients.65

Culture and colony counts- Even if a group A beta-hemolytic streptococcus is detected, 
it is uncertain whether this microorganism is the real pathogen or an innocent bystander 
in a patient suffering from a viral pharyngitis. Table 1.1 shows the carrier rates of beta- 
hemolytic streptococci detected in healthy persons in several countries and the 
epidemiological settings. Since children are known to be carriers of beta-hemolytic 
streptococci more often than adults, those results are presented separately. Furthermore, 
since an anaerobic atmosphere is important to enhance detection of beta-hemolytic 
streptococci,66 especially non-group A streptococci,67 and semiquantitative analysis 
supplies additional information on possible pathogenicity,68 these laboratory techniques 
have been added to the table. (Table 1.1, Table 1.2)
Table 1.2 shows the prevalence of streptococci isolated from sore throat patients. Since 
data were not reported per age group in most of the studies, the results of children and 
adults have been combined.
As previously demonstrated in oropharyngeal saliva68,82 and throat cultures,83 the
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number of colony counts can be seen as a marker of the ’offensive pressure’ of microbe 
versus host.

Blood tests- Several hematological and serological tests are on the market that may 
distinguish between bacterial and viral causative agents of infection. Leukocyte counts 
may discriminate between streptococci-positive and streptococci-negative sore throat 
patients. Interestingly, a Swedish study84 showed that leukocyte counts were higher in 
group A streptococci-positive patients than in group C and group G streptococci-positive 
patients. The latter streptococci, however, were isolated with a significantly lower 
number of colony counts than the group A streptococci. Contrary to the ESR 
(erythrocyte sedimentation rate), C-reactive protein has an acceptable ability to 
discriminate between viral and bacterial pharyngitis, at least in adults.85,86 Serological 
assessments are not a 100% reliable predictor of a true-positive streptococcal pharyngitis. 
No consensus exists on standard levels and minimal antibody titer increases of 
antistreptolysin O (ASLO) and DNAseB. Furthermore, antibody response is influenced 
by antimicrobial therapy.41

Nonstreptococcal pharyngitis
Certain viruses that are active in sore throat patients, e.g. Coxsackie A (herpangina), 
cytomegalovirus, herpes simplex virus, and Epstein-Barr virus (infectious 
mononucleosis), exhibit clinical manifestations rather distinctive from common cold or 
influenza. Infectious mononucleosis, for example, can be distinguished from 
streptococcal pharyngitis, although not always easily, by general lymphadenopathy, 
hepatosplenomegaly, and persistent high fever, and confirmed by serological tests. 
Bacteria other than beta-hemolytic streptococci do not play an important role in sore 
throats (Paragraph 1.2), although most of them mimiek the signs and symptoms of 
streptococcal pharyngitis. Diphtheria, for example, known only as an import disease in 
The Netherlands, is characterized by a pseudomembranous aspect, combined with 
general malaise, vomiting, and tachycardia.

1.4 Pathogenesis

Patients suffering from acute sore throat and fever are usually infected by 
microorganisms through droplet spread. The interaction between the microorganism and 
the host may result into colonization, especially at sites with inadequate clearance, such
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as the tonsils. After colonization, the microorganism may adhere to the epithelial tissues. 
Interaction with antibacterial defenses determines whether adherence leads to penetration 
and, consequently, to inflammation. The local and systemic immune system plays an 
important role in determining whether or not a person becomes sick. In 1962, acute or 
chronic family stress was already found to be an important factor in determining whether 
a person acquired a streptococcus, became ill because of the acquisition, or developed 
a subsequent increase in ASLO.s7
In summary, the presence of beta-hemolytic streptococci in the throat of a patient does 
not mean that these microorganisms cause the sore throat (Paragraph 1.3). Most sore 
throats are caused by viruses, especially the rhinoviruses, coronaviruses, influenza A and 
B, and the parainfluenza viruses. In these cases, sore throat is often accompanied by 
other manifestations of viral respiratory infection, such as the common cold, myalgia, 
or laryngitis. Viral infections are generally milder than infections caused by bacteria and 
they seldom have severe complications.

Bacteria other than Streptococcus pyogenes
Group A beta-hemolytic streptococci (Streptococcus pyogenes) are the most common 
bacterial cause of sore throat. Non-group A streptococci are less known and ignored in 
all guidelines available for the diagnosis and treatment of streptococcal pharyngitis in 
the USA,5788 Canada,26 France,89 Germany,90 UK,91 and The Netherlands.92 
Nevertheless, group C and G streptococci have shown to cause signs and symptoms 
quite similar to those seen in group A streptococcal pharyngitis.72-93,94'95’96'97 
Moreover, they may cause complications like scarlet fever,98 quinsy,99100 acute 
glomerulonephritis,101 and reactive arthritis.102
Other important potential pathogenic bacteria found in patients’ throat flora are 
Staphylococcus aureus, Haemophilus influenzae, Streptococcus pneumoniae, and 
Neisseria species. The prevalence of these bacteria in sore throat patients in primary care 
do not, however, exceed 4%.35 Some studies have used a diversity of diagnostic 
instruments to detect both bacteria and viruses, and many combinations of potential 
pathogenic microorganisms have been found.70 103 104

Streptococcus pyogenes
Mechanisms of infection- Infection of the pharyngeal tissue occurs when streptococci 
penetrate the mucosal surface and invade the tissue of the host.
Streptococci were first classified by their characteristic lytic effect on blood agar as 
alpha, beta, or gamma. Then, in 1933, Rebecca Lancefield identified an antigenic
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carbohydrate on the cell wall of streptococci.105 Based on the immunological reactivity 
of these carbohydrates, streptococci could be divided into 18 groups, lettered A through 
H and K through T. This was the first classification to accurately distinguish streptococci 
by their biochemical as well as their pathogenic characteristics. Streptococcus pyogenes, 
for example, can be characterized by the group A carbohydrate, the type of M protein, 
and the presence of streptolysin O. The M protein is the antigen primarily responsible 
for the virulence.106 Streptococcus pyogenes can be subtyped according to the antigenic 
properties of the M protein. Specific M types are associated with rheumatic fever and 
with invasive streptococcal disease.3 S. pyogenes also produces many enzymes that can 
induce antibody response, including ASLO, DNAses A, B, C, and D, hyaluronidase, 
streptokinase, and pyrogenic exotoxins. Pyrogenic exotoxin A, for example, causes the 
rash of scarlet fever. This exotoxin is also believed to mediate in the toxicity of S. 
pyogenes in invasive streptococcal disease. It activates T cells to produce cytotoxin, thus 
allowing penetration into normally sterile body sites. By definition, such a person has 
an invasive streptococcal disease. If the patient develops toxic shock syndrome, by 
definition, hypotension and two of the followings symptoms must be present: acute renal 
failure; coagulation or liver abnormalities; rash; and/or necrotizing fasciitis. This 
syndrome has a mortality rate of about 50%.45,46
Acute rheumatic fever is probably the result of the cross-reactivity between the host 
antibody response to certain M types and proteins in joint and heart tissue. In 
glomerulonephritis, there is a cross-reactivity with the glomerular membrane.

Tonsils and normal throat flora- Several studies on the role of the epithelial tissue, and 
in particular the tonsils, have been carried out on streptococcal pharyngitis patients. 
Researchers have found group A streptococci to adhere to the epithelial cells of the 
tonsils,107 especially during disease.108 They have also suggested that the cellular 
defense system in surface secretion is activated during disease, rather than that a 
bacterial tissue invasion is responsible for the infection.109 Since tonsils increase the 
epithelial surface enormously, they may predispose to colonization and/or infection with 
beta-hemolytic streptococci.110 In this case, a tonsillectomy will protect against future 
infections.111
Fundamental laboratory-based research is important for clinicians to understand the 
’streptococci-carrier’ problem (Paragraph 1.3) and to consider new strategies for 
recurrent pharyngitis. The role of ’good’ (alpha-hemolytic streptococci) and ’bad’ (beta- 
hemolytic streptococci) bacterial interference with throat flora may be clinically 
relevant,108112113114 although it has also been disputed115. Some researchers have
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suggested that the copathogenicity of bacteria like Staphylococcus aureus and 
Haemophilus influenzae is responsible for recurrent streptococcal pharyngitis following 
penicillin therapy, either by beta-lactamase production,116117 or by a combination of 
beta-lactamase production (by copathogenic bacteria) and eradication of inhibitory oc- 
streptococci (by penicillin).118119 In Israel, a link was recently found between in-vitro 
and in-vivo research: 90% of the strains found in patients with persisting group A 
streptococci following penicillin treatment had a gene encoding for fibronectin protein 
compared with 30% that were successfully eradicated.120 Fibronectin has been found 
to facilitate group A streptococci in entering epithelial cells and thus protect them from 
eradication by penicillin. Nevertheless, it is unclear whether these streptococci had lost 
their pathogenicity.

1.5 Prognosis of streptococcal pharyngitis

Symptom resolution
Symptoms and signs of streptococcal pharyngitis usually (90%) disappear within one 
week. Symptom resolution can be accelerated by antibiotics,121 122 123 124 with 
penicillin being the drug of choice since its availability in the 1940s. A Medline search 
using the keywords ’pharyngitis’ and ’penicillin’ 1966-1998 produced 377 original 
articles.125 Only 10 studies, however, were randomized and double-blind and 5 fully 
placebo-controlled and performed in a primary care setting.33-34,35,36,79 These studies 
showed that symptom resolution was accelerated in the penicillin group by 0.5-1.0 day, 
and then only in the streptococci-positive patients. A recent meta-analysis of 10,484 sore 
throat patients revealed that the greatest difference between treated and untreated patients 
was seen at about three and a half days, when 75% of the treated and 50% of the 
untreated patients were symptom-free.124 This means a difference of approximately one 
day of suffering from sore throat in favour of antimicrobial treatment.

Suppurative complications
The main reason to treat streptococcal pharyngitis in Western Europe nowadays is for 
an accelerated recovery and the prevention of suppurative complications like quinsy. 
With regard to associated infections and suppurative complications, antibiotics reduce 
the incidence of acute otitis media, acute sinusitis, and quinsy to about 20-30% 
compared to placebo (relative risks 0.23, 0.33, and 0.19, respectively (Paragraph 1.2).124 
Both alpha-hemolytic and beta-hemolytic streptococci can cause infective endocarditis.
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However, beta-hemolytic streptococcal endocarditis is never preceded by streptococcal 
pharyngitis.126
The increasing incidence of invasive streptococcal disease in the past decade has been 
associated with streptococcal pharyngitis.127 For example, 16% of Australian children 
with invasive streptococcal disease had a preceding sore throat,128 and during an 
outbreak in Minnesota, USA, a single clone of group A streptococci was responsible for 
7 cases of invasive streptococcal disease and for a significant number of pharyngitis 
cases.129 In contrast, only 6 of the 323 cases (2%) of invasive streptococcal disease 
were preceded by streptococcal pharyngitis in Ontario, Canada.45

Nonsuppurative complications
The prevention of acute rheumatic fever used to be the main reason to treat streptococcal 
pharyngitis with penicillin. In the 1940s and 1950s, this poststreptococcal complication 
occurred in up to 3% of patients with pharyngitis. It starts about two weeks after the 
onset of pharyngitis and is characterized by extremely painful, inflamed joints 
(polyarthritis) and may involve the cardiac valves (endocarditis). Penicillin treatment of 
streptococcal pharyngitis in military populations in the 1950s (the Fort Warren studies) 
was shown to reduce the incidence of rheumatic fever from 3% to 0.2%.130,131 A 
retrospective study of children with acute rheumatic fever in Scotland, however, 
concluded that the risk of acquiring this complication did not depend on prior 
antimicrobial treatment of streptococcal pharyngitis.132 Furthermore, in most cases in 
Western countries, rheumatic fever was not preceded by sore throat.25 133 Nevertheless, 
the gradual decline in the incidence of rheumatic fever in the USA in the past decades 
has not reduced the fear for this ’dread disease’. Even before the discovery in 1931 that 
rheumatic fever was due to infection of the throat by a hemolytic streptococcus, attempts 
were made to produce a vaccine for the prevention of streptococcal throat infection, 
including scarlet fever. Nowadays, progress has been made into activating the local 
mucosal immunity by means of an oral or intranasal vaccine. Still a practical safe 
vaccine is not yet available.134
Acute poststreptococcal glomerulonephritis is an inflammation of kidney tissue, mostly 
occurring in children 3-8 years and manifesting with albuminuria and edema. It nearly 
always has a mild and self-limiting course, although in the latest report from The 
Netherlands three deaths were registered between 1985 and 1987.44 A literature study 
conducted in 1971 found insufficient evidence to state that prior antimicrobial treatment 
of streptococcal pharyngitis could prevent this complication.135 In addition, a 
retrospective analysis of 274 children revealed a complication rate of 1:13,000 against
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1:17,000 in case antibiotics were and were not given, respectively.136 
In summary, when faced with a sore throat patient, general practitioners should not fear 
nonsuppurative poststreptococcal complications as they are extremely rare in primary 
care and almost never preceded by a sore throat episode.

Recurrent sore throat episodes
Most patients with recurrent sore throat episodes over a period of months or years suffer 
from viral infections. However, as in many respiratory tract infections, inflammation 
primarily caused by a virus may lead to a bacterial infection. Once nestled in a sore 
throat patient, group A streptococci might cause recurrent infection, or, especially in 
children, they may be the expression of a chronic carriership. Failure of penicillin to 
have an effect on recurrent streptococcal pharyngitis could be due to several factors: 

Patient-related: compliance with therapy,137 138 absorption of penicillin,139 
and intrafamilial spread.140,141
Penicillin-related: dosage, dosage interval142,143,144 and duration,13 tissue 
concentration at the site of infection.145
Bacteria-related: penicillin tolerance,146 intracellular colonization,147 bacterial 
interference, and beta-lactamase production.

Alternative therapies have been tested with pro-biotics and with anti-biotics with regard 
to the latter two mechanisms; in-vivo experiments, for example, have shown a positive 
effect of inhibitory alpha-hemolytic streptococci, administered per nasal spray, in the 
prevention of recurrent streptococcal pharyngitis.148,149 Beta-lactamase resistant 
antimicrobials have been tried successfully as well,150 and are considered an alternative 
to tonsillectomy.151 Not everyone, however, is convinced.152
The fact whether a patient returns to the doctor because of recurrent sore throat does not 
only depend on clinical factors. The patient’s attitude towards health and disease is a 
strong determinant.1531"’4 In addition, the positive experience of prior penicillin use 
for the same complaints often motivates the patient to reattend.155 Two studies have 
reported conflicting results on the effect of immediate versus delayed penicillin treatment 
in children.156,157 Whether prior penicillin treatment is associated with recurrent sore 
throat has not yet been proven in a placebo-controlled study.
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1.6 Aims of the study and research questions

The aims of the study were:
to identify the markers of beta-hemolytic streptococci that are characteristic for 
a sore throat episode or for a prolonged or complicated course of such an episode; 
to register the clinical and bacteriological effects of a short and a standard course 
of penicillin treatment on a selection of sore throat patients; 
to identify the predictors of a prolonged or complicated course of an acute sore 
throat episode; and
to see whether streptococcal tolerance to penicillin plays a role in penicillin 
treatment failure.

Based on these aims, the following research questions are addressed in this thesis: (see 
Figure 1.1)

Chapter 2: Which markers of beta-hemolytic streptococci are associated with sore throat 
patients and which with healthy controls? We focused on (1) the number of colony 
counts of all serotypes and, with regard to group A streptococci, (2) T/M subtypes and 
(3) genotypes encoding for exotoxin A and C production.
Chapter 3: What are the effects of 7-day and 3-day regimens of penicillin on adult sore 
throat patients compared with placebo? We measured the effects on symptom resolution, 
recurrence of symptoms in the following 6 months, and bacterial eradication. We 
focused on patients with group A and non-group A streptococci-positive throat swabs. 
Chapter 4: Which factors determine a prolonged or complicated course of an acute sore 
throat episode? We focused on demographic (e.g., socioeconomic status), clinical (e.g., 
previous duration of pain), altitudinal (e.g., the patient’s self-efficacy), and 
bacteriological (isolation of group A, C, and G streptococci) factors.
Chapter 5: Is there an association between deterioration in the course of group A 
streptococcal pharyngitis and certain characteristics of the streptococci, such as a high 
number of colony counts, T1MI and T3M3 types, and the speA and speC exotoxin 
genotypes?
Chapter 6: Does penicillin tolerance play a role in 3-day and 7-day penicillin treatment 
failure in group A streptococcal pharyngitis?
Chapter 7, the general discussion, reviews the answers to these questions and presents 
recommendations for daily practice and further research.
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Figure 1.1 Population characteristics per chapter (number and age of included persons).
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Chapter 3 Sore throat patients n=561 #
Penicillin intervention

Chapter 4 Sore throat patients n=690
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Chapter 6 Some GABHS+ patients n=90
Penicillin tolerance

Group A beta-hemolytic streptococci positive throat swab.
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"Leer van je oude tvijze vader, Quinten", zei hij, tenvijC zij Canßs de aanplant van jonge honten naar 
het sparrenbos ivandelden, "dat het nieuwe oolj altijd het oude is. M het oude was eens nieuw, en 
al het nieuwe zal eens oud zijn. diet alleroudste is het heden, want er is nooit iets anders geweest 
dan het heden."

"Tahp a lesson your wise old father, Quinten", he said as they walked toward the pinewood through 
the young saplings. "The new is always the old. ‘Everything that's old was once new, and everything 
that’s new zvill one day he old. Ehe oldest thing of all is the present, because there’s never been 
anything else but the present."

Erom: dlarry iMulisch, E)e ontdekking van de hemel, ‘diet graf.
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2.1 Abstract

To discover whether three markers of beta-hemolytic streptococci, a high number of 
colony counts, specific T/M types and exotoxin genes speA and speC, were associated 
with sore throat patients, a case-control study was set up in 43 family practices in The 
Netherlands. Duplicate throat swabs were taken from 663 sore throat patients and from 
694 healthy controls.
Eighty percent of the patients and 40% of the controls had beta-hemolytic streptococci 
positive cultures. When focusing on cultures with high colony counts, not only group A 
(46%), but also non-group A streptococci (20%), predominated significantly in adult 
patients compared with controls. Not any T/M or exotoxin gene type was significantly 
more prevalent in patients than in controls. Additionally, tonsillectomy appeared to 
protect not only against sore throat, but also against asymptomatic colonization by beta- 
hemolytic streptococci.
Thus, semi-quantitative analysis, but not T/M and exotoxin gene typing, was helpful in 
predicting an association between beta-hemolytic streptococci and active disease. Not 
only group A, but also group C and group G streptococci were found to be potentially 
pathogenic in sore throat patients, and should be included in the discussion on the use 
of rapid antigen detection tests and penicillin treatment in primary care.

2.2 Introduction

Three to five percent of all visits to the general practitioner occur because of an acute 
sore throat.1,2 Most cases are of viral origin, and part of upper respiratory tract 
infections.3 Group A beta-hemolytic streptococci are the most important bacterial cause 
of sore throat.4 The prevalence of beta-hemolytic streptococci may vary with population 
characteristics (age, socio-economic background), signs and symptoms, and underlying 
clinical conditions.5,6,7 Since only group A streptococci-positive patients can be offered 
causative treatment, it has been attempted to pin-point them by several combinations of 
signs and symptoms.8 In adults, application of the so-called Center criteria (history of 
fever, absence of cough, anterior cervical lymphadenitis, and (tonsillar) exsudate) 
increased the group A streptococci prevalence from roughly 15% to 50%.6,9 However, 
group A streptococci have also been cultured in 5-10% of people not suffering from an 
acute sore throat.17 It is therefore questionable whether the group A streptococcus strain 
isolated from a patient with an acute sore throat is actually responsible for the
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symptoms. It may well be an asymptomatic colonizer isolated coincidentally from a 
patient with a viral pharyngitis. Viral cultures10 and serology11 did not produce an 
unequivocal answer to this question. The problem of discriminating between cause and 
coincidence is even more delicate in non-group A beta-hemolytic streptococci, because 
their pathogenic role in sore throat is still under debate. Population-based studies have 
found only small differences in prevalence rates between cases and controls5, while on 
the other hand, group C and G beta-hemolytic streptococci have been shown to be 
implicated in small epidemics of sore throat.12,13
In this view, we examined in throat cultures of patients and healthy controls three 
possibly discriminating factors of beta-hemolytic streptococci, as potential markers of 
active disease: streptococci colony counts,141516 group A streptococci T/M 
types1718 and streptococcal pyrogenic exotoxin A and C genes (speA. and speC){9.

2.3 Patients and methods

Design
From October 1994 to August 1996, 55 general practioners from 43 general practices 
in a semi-urbanized area in the eastern part of the Netherlands participated in the study. 
Throat swabs were taken from 663 ambulatory patients with signs and symptoms of an 
acute sore throat and from 694 asymptomatic controls, all aged 4-44 years. The age 
range was restricted to 4-44 years, which comprises nearly all cases of streptococcal 
pharyngitis and group A streptococci carriers.1 Since pharyngeal beta-hemolytic 
streptococci are much more prevalent in children than in adults1,20 we studied two age 
groups separately (4-14 and 15-44 years) with regard to serogroups and colony counts. 
Inclusion of controls was regulated by frequency measures of age. Informed consent was 
requested from each patient or legal guardian. The study protocol was approved by the 
medical ethics committee of the Isala Clinics Zwolle.

Patients
Sore throat patients - Inclusion criteria: Acute (<7 days) sore throat and fulfilling at least 
three of the four criteria elaborated by Center et al9: history of fever, absence of cough, 
anterior cervical lymphadenopathy, and (tonsillar) exudate. As these criteria are less 
sensitive in children, a minimum of two Centor criteria was required in the 4-14 years 
age group.
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Exclusion criteria: Antibiotic treatment in the preceding fourteen days, penicillin 
intolerance, an imminent peritonsillar abscess, or co-morbidity demanding antibiotics. 
The latter criteria were used because of a concomitant penicillin trial. Of the 1351 
patients complaining of acute sore throat, 270 (20%) had insufficient clinical signs or 
symptoms to justify inclusion. Another 168 (12%) patients met one of the exclusion 
criteria (87 (6%) had an urgent need of penicillin) and 250 (19%) were not able or 
willing to participate because of the associated intervention trial, leaving 663 patients for 
the analysis. The 250 patients who were not able or willing to participate complied 
significantly more often with the four Center criteria than the 663 included patients. 
Asymptomatic controls - Every third patient aged 4-44 years attending the general 
practice for reasons unrelated to respiratory tract infection (cough, runny nose, earache, 
sinusitis, wheezing), antibiotic treatment in the preceding fourteen days, or any throat 
infection or other suspect streptococcal disease in the preceding three months was asked 
to participate. Six of 700 persons refused, leaving 694 controls.
Age, sex, smoking habits, asthma/COPD or diabetes mellitus, a history of tonsillectomy, 
the number of household members, and the system of health care insurance (private or 
collective, as an indicator of socioeconomic status) were recorded.

Bacteriological procedures
After training, the general practitioners took two throat samples for culture from both 
tonsils or tonsillar fossae and the posterior pharyngeal wall of each person, since 
previous research demonstrated that the bacteriologie yield from two samples is 
significantly (7-30%) higher than from one.20 The samples were transported in a 
modified Stuart medium and processed in the laboratory within 48 hours. Each throat 
sample was cultured semi-quantitatively on sheep blood agar and ssA (Becton Dickinson, 
Leiden, The Netherlands). The loop was then stabbed several times into the agar to 
maximize the ability to detect beta-hemolysis. The agar plates were incubated 
anaerobically at 35°C for up to 48 hours, and inspected daily for beta-hemolytic colonies. 
Catalase-negative, gram-positive cocci in chains were serogrouped using Streptex (Murex 
Diagnostics, Utrecht, The Netherlands). Finally, a bacitracin susceptibility test was 
performed.
Colony counts of beta-hemolytic streptococci on both agar plates were reported as 
follows: no growth, sporadic colony counts (1-10 colonies), 1+ or low colony counts 
(>10 colonies, but limited to initial inoculation area), 2+ or medium colony counts, and 
3+ or high colony counts (growth into the second, respectively third inoculation area). 
In case two serogroups were isolated simultaneously (seven patients), the serogroup with
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the highest number of colony counts was taken for further analysis. Furthermore, the 
number of indigenous throat flora colonies per plate was assessed to control for the 
streaking technique of the doctors, who were not blinded to the difference between 
patients and controls.
Beta-hemolytic streptococci were stored at -85°C. Serogroup A isolates were investigated 
at the National Institute of Public Health and the Environment (RIVM) in Bilthoven for 
T serotyping and M and exotoxin gene typing.21

Statistical procedures
Baseline characteristics are presented as means and actual numbers. Medians were used 
in cases of non-normality. P<0.05 was considered significant. Associations were 
determined using odds ratios, computed by SPSS logistic regression analysis (SPSS 7.0, 
SPSS Inc. 1997, Chicago, USA). Possible confounders, such as gender, health care 
insurance, urbanization, season, number of household contacts, smoking, asthma/COPD 
or diabetes mellitus, and history of tonsillectomy, were examined, first in a univariate 
model and then for their unique distinction between patients and controls. All significant 
confounders were indicator variables in further logistic regression analyses. In order to 
find a clinically applicable prediction of infections, cutoff points in the semiquantitative 
four-point scale of colony counts were assessed using the proportional odds model.22 
Colony counts were dichotomized and the odds ratios, indicating the difference between 
patients and controls, calculated at each of the four possible cutoff points. The Chi- 
square test was used with continuity correction to measure the influence of tonsillectomy 
on the number of colony counts. The Wald statistic, with Bonferroni’s correction, was 
used to compare the prevalence of T/M and exotoxin gene types in patients with that in 
controls.

2.4 Results

Except for the season of culturing and history of tonsillectomy, patients did not differ 
from controls with regard to the baseline characteristics (Table 2.1). We adjusted all data 
for these two confounding factors. Tonsillectomy had been performed significantly more 
often in controls, irrespective of age.
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Table 2.1 Baseline characteristics of sore throat patients and asymptomatic controls, per age 
group.'

Children Adults
(4-14 years) (15-44 years)

Patients Controls Patients Controls
(n=129) (n=184) (n=534) (n=510)

Age, median (SD),y 8.8 (3.4) 8.0 (3.0) 25.9 (7.6) 30.4 (8.2)
Sex (% male) 48.8 49.2 37.6 37.8
Health care insurance 63.3 58.4 72.4 73.9
(% Collective Health Plan)
Urbanization (> 30,000 inhabitants) 47.3 58.7 52.8 58.0
Season (cultured in Oct-March) SS.H 33.2 64.8t 28.2
> 3 household members 86.5 91.3 57.8 51.8

Medical history
History of tonsillectomy A.T 12.6 n.s* 42.5
Asthma/COPD or diabetes mellitus 10.1 7.1 5.6 6.8
Smoker (> 4 cigarettes/d) - - 29.5 27.9

All values are percentages except were otherwise indicated. 
P<0.05 compared to controls within the same age group.

Prevalence
A significantly higher prevalence of beta-hemolytic streptococci-positive cultures was 
obtained in wintertime. Medium or high colony counts were associated with tonsils in 
situ in both patients (PcO.OOl) and controls (P=0.04). We adjusted for age by analyzing 
children and adults separately.
Group A beta-hemolytic streptococci were significantly more prevalent in patients than 
in controls, irrespective of age (Table 2.2). The prevalence of group A streptococci in 
patients and controls did not differ from the subgroup having asthma/COPD or diabetes 
mellitus. In this multicentre study, the prevalence rates of the different beta-hemolytic 
streptococci serotypes did not differ significantly between the five communities having 
at least four participating general practitioners. The prevalence of 3+ indigenous throat 
flora varied between 88% and 93%, irrespective of the doctor streaking or the person 
streaked (patient or control).

Colony counts
The odds ratios of group A streptococci-positive patients versus controls, for adults at 
a higher level than for children, increased parallel with the number of colony counts
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Table 2.2 Prevalence of beta-hemolytic streptococci (BHS) in sore throat patients and in 
asymptomatic controls ( per age group). Adjusted* odds ratios (OR).

BHS
serogroup

Children (4-14 years)

Patients
No.(%)

Controls
No.(%)

OR (95% Cl)*

Group A 87 (67.4) 56 (30.4) 4.3 (2.6-7.2)*
Group B 0 (0.0) 5 (2.7) 0.0 -
Group C 6 (4.7) 4 (2.2) 1.7 (0.4-6.3)
Group F 1 (0.8) 6 (3.3) 0.2 (0.0-1.9)
Group G 5 (3.9) 12 (6.5) 0.6 (0.2-1.8)
Not typeable 3 (2.3) 4 (2.2) 1.0 (0.2-5.1)
No growth 27 (20.9) 97 (52.7) -
Total 129 (100.0) 184 (100.0) -

BHS
serogroup

Adults (15-44 years)

Patients
No.(%)

Controls
No.(%)

OR (95% Cl)

Group A 268 (50.2) 33 (6.5) 14.0 (9.2-21.3)*
Group B 31 (5.8) 36 (7.1) 0.8 (0.5- 1.3)
Group C 66 (12.4) 41 (8.0) 1.3 (0.8- 2.0)
Group F 12 (2.2) 17 (3.3) 0.5 (0.2- 1.2)
Group G 42 (7.9) 28 (5.5) 1.4 (0.8- 2.5)
Not typeable 6 (1.1) 13 (2.5) 0.3 (0.1- 0.9)*
No growth 109 (20.4) 342 (67.1) -
Total 534 (100.0) 510 (100.0) -

OR adjusted for season and history of tonsillectomy.
Cl = Confidence Interval.

* significant difference (P<0.05) between patient and controls.

(Table 2.3a). A similar association was found in adult patients with non-group A 
streptococci (Table 2.3b). Because of these results, we repeated the analysis using 3+ 
cultures only (Table 2.4) and found that these cultures discriminated between patients 
and controls more outspokenly. The 3+ streptococci cultures of groups A, C, and G were 
significantly more prevalent in adult patients than in adult controls. This trend also 
applied to serogroups B and F, though not at a significant level.
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Table 2.3a Colony counts of group A beta-hemolytic streptococci (BHS) in sore throat patients 
and in asymptomatic controls (per age group). Adjusted* odds ratios for ordered 
categories^

Children 4-14 years Adults 15-44 years
Colony counts of 
Group A BHS Patients

No.(%)
Controls
No.(%)

Patients
No.(%)

Controls
No.(%)

neg* 42 (32.6) 128 (69.6) 266 (49.8) 477 (93.5)
sporadic 1 (0.8) 3 (1-6) 2 (0.4) 3 (0.6)
1 + 0 (0.0) 14 (7.6) 4 (0.7) 11 (2.2)
2 + 10 (7.8) 20 (10.9) 19 (3.6) 13 (2.5)
3 + 76 (58.9) 19 (10.3) 243 (45.5) 6 (1.2)
Total 129 (100.0) 184 (100.0) 534 (100.0) 510 (100.0)

Dichotomized
Categories*

OR (95% CI)§ OR (95% Cl)

neg \ spor, l+,2+,3+ 4.3 (2.6- 7.2)1 14.0 ( 9.2- 21.3)1
neg, spor\ l+,2+,3+ 4.5 (2.7- 7.4)1 15.4 (10.0- 23.6)’
neg, spor, 1 +\ 2+,3+ 6.8 (3.9-11.6)1 24.8 (14.7- 41.7)’
neg, spor, l+,2+ n 3+ 12.3 (6.6-22.0)1 71.7 (30.8-165 J)1

adjusted for season and history of tonsillectomy.
see section ’Patients and methods’.
neg = no growth of group A beta-hemolytic streptococci.
OR = Odds Ratio; Cl = Confidence Interval.
significant difference (P<0.05) between patients and controls.

T/M and exotoxin gene typing
Since the prevalences of T/M types and exotoxin genes speA and speC of group A beta- 
hemolytic streptococci were not found to be significantly different between children and 
adults, we summated the data for both age groups. The 3+ cultures of group A 
streptococci had the strongest association with acute sore throat. Therefore, we divided 
the patients into two subgroups (3+ cultures: N=319 and <3+ cultures: N=36) and 
compared them with controls (N=89). No T/M type, not even T1M1 and T3M3 known 
to be associated with invasive streptococcal disease,18 was significantly more prevalent 
in patients with 3+ cultures than in controls.
The prevalence of speA exotoxin gene did not differ significantly between patients 
(25%) and controls (30%). The same observation was made when analyzing the
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Table 2.3b Colony counts of non-group A beta-hemolytic streptococci (BHS) in sore throat 
patients and in asymptomatic controls (per age group). Adjusted* odds ratios for 
ordered categories1.

Colony counts of 
Non-group A BHS

Children 4-14 years

Patients Controls
No.(%) No.(%)

Adults 15-44 years

Patients Controls
No.(%) No.(%)

neg* 114 (88.4) 153 (83.2) 377 (70.6) 375 (73.5)
sporadic 0 (0.0) 1 (0.5) 4 (0.7) 14 (2.7)
1 + 0 (0.0) 8 (4.3) 12 (2.2) 31 (6.1)
2 + 4 (3.1) 13 (7.1) 33 (6.2) 63 (12.4)
3 + 11 (8.5) 9 (4.9) 108 (20.2) 27 (5.3)
Total 129 (100.0) 184 (100.0) 534 (100.0) 510 (100.0)

Dichotomized
Categories1 OR (95% CI)§ OR (95% Cl)
neg \spor, l+,2+,3+ 0.6 (0.3-1.2) 0.9 (0.7-1.3)
neg, spor\. l+,2+,3+ 0.6 (0.3-1.2) 1.1 (0.8-1.4)
neg, spor, l+\ 2+,3+ 0.8 (0.6-1.7) 1.3 (0.9-1.8)
neg, spor, l+,2-i\ 3+ 1.5 (0.6-3.9) 3.7 (2.3-6.0)1

adjusted for season and history of tonsillectomy, 
see section ’Patients and Methods’.

* neg = no growth of non-group A beta-hemolytic streptococci.
5 OR = Odds Ratio; Cl = Confidence Interval.
'I significant difference (P<0.05) between patients and controls.

prevalence of speC exotoxin gene (patients 59% and controls 71%). Subanalysis of 3+ 
cultures in patients did not alter these results significantly. The speA. exotoxin gene was 
isolated in 18 of the 19 T1M1 and in all 25 T3M3 isolates.

Duplicate throat samples
The number of streptococci-positive cultures was augmented by 3% in patients and 13% 
in controls when two throat samples were taken instead of one. The number of 3+ 
cultures increased 13% and 59%, respectively.
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Table 2.4 Prevalence of high colony counts (3+cultures) of beta-hemolytic streptococci (BHS) 
in sore throat patients and in asymptomatic controls (per age group). Adjusted* odds 
ratios (OR).

BHS serogroup
3+ cultures

Children 4-14 years
Patients Controls
No.(%) No.(%) OR (95% Cl)*

Group A 76 (58.9) 19 (10.3) 12.3 (6.6-22.0)*
Group B 0 (0.0) 0 (0.0) - -
Group C 5 (3.9) 3 (1.6) 1.8 (0.4- 7.8)
Group F 1 (0.8) 1 (0.5) 2.1 (0.1-35.2)
Group G 3 (2.3) 5 (2.7) 0.7 (0.2- 3.4)
Not typeable 2 (1.6) 0 (0.0) -
No/ <3+ growth* 42 (32.6) 156 (84.8) -
Total 129 (100.0) 184 (100.0) -

Adults 15-44 years
BHS serogroup
3+ cultures

Patients
No.(%)

Controls
No.(%) OR (95% CI)§

Group A 243 (45.5) 6 (1.2) 71.7 (30.8-165.7)*
Group B 21 (3.9) 9 (1.8) 1.7 (0.7-4.1)
Group C 51 (9.6) 10 (2.0) 3.9 (1.9-8.1)*
Group F 7 (1.3) 1 (0.2) 4.7 (0.5- 42.9)
Group G 26 (4.9) 4 (0.8) 7.5 (2.4- 23.3)*
Not typeable 3 (0.6) 3 (0.6) 0.8 (0.1-4.8)
No/ <3+ growth* 183 (34.3) 477 (93.5) -
Total 534 (100.0) 510 (100.0) -

OR adjusted for season and history of tonsillectomy, 
no growth of BHS or sporadic / 1+ / 2+ colony counts of BHS. 
significant difference (P<0.05) between patients and controls. 

ä 95% Cl = 95% Confidence Interval

2.5 Discussion

In this case-control study, we found high colony counts of group A and non-group A 
beta-hemolytic streptococci to be a significant marker of acute sore throat episodes, thus 
possibly indicating a causal association.
Group A streptococci were isolated from 67% of the children and 50% of the adults with 
sore throat, while non-group A streptococci were isolated from 12% and 29%, respec
tively. In other studies on acute sore throat, much lower prevalences were found (group
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A streptococci: 22-56%; non-group A streptococci: 2-17%).6'16'23,24'25’26'27,28’29 
Our study also showed a high beta-hemolytic streptococci prevalence in asymptomatic 
controls: group A streptococci in 30% of the children and 7% of the adults and non
group A streptococci in 17% and 27%, respectively. Previous population-based studies 
reported lower prevalences: group A streptococci in 6-16% of the children and 0.2-3% 
of the adults and non-group A streptococci in 2-21% of both children and 
adults.‘•26,27,28’29’30 We believe that the following factors contributed substantially to the 
high yield in our study: the use of the Center criteria in the patient group, which allowed 
for effective selection6,9; the preparatory training of the general practitioners; culturing 
patient and control samples in duplicate (thus raising the number of 3+ cultures by 13% 
and 59%, respectively); and, finally, the use of up-to-date laboratory techniques (using 
selective and non-selective agar media, stabbing into the agar, and anaerobic incubation 
for up to 48 hours). The extensive diagnostic procedures used in the present study differ 
from those used in earlier epidemiological studies and thus hamper direct comparison 
of results. They do, however, offer the chance to study in more detail the associations 
between beta-hemolytic streptococci and sore throat.
Evaluating the study design, data on beta-hemolytic streptococci prevalence would have 
been more impressive if the patients who were not able or willing to participate 
(fulfilling a disproportionately high number of Center criteria) and those who were 
excluded (most of them were in urgent need of penicillin) had also been cultured. 
Inclusion of these two groups in the analyses may have increased the differences 
between patients and controls.
Without using semiquantitation, we found only group A streptococci to be significantly 
more prevalent in patients than in controls (Table 2), a finding concordant with other 
case-control studies.5,26,27,28,29'30 However, semiquantitative analysis of both group A and 
non-group A streptococci showed that the higher the number of colony counts, the more 
likely these streptococci would be cultured in the patient group (Tables 3a and 3b). 
Group A, C, and G streptococci 3+ cultures were significantly associated with acute sore 
throat in adults. Group B and F streptococci showed a similar trend, but, due to the 
small numbers, not significantly. Other authors also reported an association between high 
group A beta-hemolytic streptococci colony counts and active disease, although not at 
a statistically significant level.1,14,15,16,27,28,29 One of them noted a non-significant trend of 
high colony counts being associated with serologic evidence of infection.15 Three case- 
control studies differed from our study with regard to patient selection (hospital-based) 
and/or diagnostic methods.27,28,29
The causal role of group A beta-hemolytic streptococci in acute sore throat has long
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been recognized. Our study, therefore, does not yield surprises in that respect. It does, 
however, underline the importance of the number of colony counts in discriminating 
between group A streptococci isolated as the cause of sore throat and group A 
streptococci isolated as a coincidence. Low colony counts, occurring in the same 
frequency in patients as in controls, probably represent an asymptomatically acquired 
colonization or a late sequela of infection.
With regard to the non-group A beta-hemolytic streptococci, the picture seems quite 
similar, though less outspoken, and in adults more distinctly than in children. High 
colony counts were significantly associated with active disease, which raises the question 
whether this association is causal or due to some other mechanism. There is other 
evidence, derived from epidemics in semi-closed communities and from 
complications,1211 that supports the causal role of group C and G streptococci in 
pharyngitis.
Our findings on T/M typing are concordant with a recent study in the USA, which 
suggested that the prevalent Ml, M3, and M28 subtypes from patients with severe 
infections were equally common in the general population.31 The finding that T1M1 and 
T3M3 isolates are accompanied by speA exotoxin gene in nearly 100% of the healthy 
controls and sore throat patients (our study) as well as in severe streptococcal infections 
stresses32 the importance of host-related factors, apart from virulence, in determining 
who actually develops an invasive streptococcal infection.
Doubt has been expressed whether tonsillectomy significantly reduces the frequency of 
streptococcal infections.4 Our results indicate that tonsillectomy seems to protect not only 
against acute sore throat, but also against asymptomatic colonization with beta-hemolytic 
streptococci. This finding is concordant with the conclusion of earlier studies, indicating 
an association between tonsils in situ,31 or even the size of the tonsils,34 and the high 
rate of recurrent throat infection. The association we found between tonsils in situ and 
high beta-hemolytic streptococci colony counts supports the concept that beta-hemolytic 
streptococci prefer to adhere to tonsillar tissue, in patients more than in healthy 
controls.35
Clinical criteria are the clinician’s main tool in selecting group A streptococci-positive 
sore throat patients. The rapid group A antigen detection test was developed as a more 
precise instrument to distinguish between streptococcal and non-streptococcal 
pharyngitis.4 To date, the rapid test kits only aim at detecting group A streptococci and 
often fail to detect low inocula.36 Missing low inocula, however, could mean rejecting 
coincidentally present beta-hemolytic streptococci. Therefore, we suggest that new rapid 
test kits for adults also include non-group A serogroup antigens, which ideally should
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react only to a high bacterial load.
In conclusion, we found high colony counts, and not T/M and exotoxin gene types, to 
be a marker of acute sore throat. Surprisingly, in adults high colony-count non-group A 
streptococci were also associated with active disease. In the future, treatment studies 
must tell us whether or not the significant associations we find between bacterial load 
and acute sore throat are causal.
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Appendix Table 2 A.

Top 16 of the T and M types of group A beta-hemolytic streptococci (BHS) cultured in 
sore throat patients with high (3+) or lower (<3+) colony counts and in asymptomatic 
controls (number, percentage in brackets), all ages.*

Patients, Patients, Controls,

T type M type
3+ colony 

counts
<3+ colony 

counts
all colony 

counts
Total

12 22-60 38 (11.9) 2 (5.6) 10 (11.2) 50 (11.2)
28 28 35 (11.0) 4 (11.1) 4 (4.5) 43 (9.7)
2-28 2 35 (11.0) 2 (5.6) 5 (5.6) 42 (9.5)
B 3264 100 26 (8.2) 3 (8.3) 8 (9.0) 37 (8.3)
12 12 23 (7.2) 3 (8.3) 8 (9.0) 34 (7.7)
4 4 21 (6.6) 2 (5.6) 10 (11.2) 33 (7.4)
9 9 25 (7.8) 1 (2.8) 3 (3.4) 29 (6.5)
3 3 21 (6.6) 2 (5.6) 2 (2.2) 25 (5.6)
11 60-101 18 (5.6) 3 (8.3) 1 (1.1) 22 (5.0)
6 6 5 (1.6)§ 5 (13.9) 10 (11.2) 20 (4.5)
1 1 15 (4.7) 0 (0.0) 4 (4.5) 19 (4.3)
28 NT* 5 (1.6) 2 (5.6) 6 (6.7) 13 (2.9)
11 11 7 (2.2) 1 (2.8) 3 (3.4) 11 (2.5)
B 3264 9 8 (2.5) 0 (0.0) 0 (0.0) 8 (1.8)
25 NT 4 (1.3) 2 (5.6) 1 (1.1) 7 (1.6)
B 3264 9-104 4 (1.3) 2 (5.6) 0 (0.0) 6 (1.4)
Subtotal 290 (90.9) 34 (94.4) 75 (84.3) 399 (90.0)
Other types* 29 (9.1) 2 (5.6) 14 (15.7) 45 (10.0)
Total 319 (100.0) 36 (100.0) 89 (100.0) 444 (100.0)

Wald statistic adjusted for season and history of tonsillectomy, pairwise comparison 
procedure, with Bonferroni’s correction.
NT = not typeable.
other T/M types found were: 3-B3264/ 3, 11/ 60, 3264/ 9-104, 5-27-44/ 5, 5-27-44/ 61, 
3/NT, 6/ NT, 8/ NT, 9/ NT, 13/ NT, 5-27-44/ NT, 8-25/ NT, B3264/ NT, IMP19/ NT, 
AUTO/ NT, NT/ 3, NT/ 6, NT/ 12 and NT/ NT.
Nine strains could not be recultured after storage at -85°C.
P< 0.05 compared to patients with lower (<3+) colony counts.
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Appendix Table 2 B.

Prevalence of speA and speC exotoxin genes in group A beta-hemolytic streptococci 
cultured in sore throat patients with high (3+) or lower (<3+) colony counts and in 
asymptomatic controls (number, percentage), all ages’.

Exotoxin genes

Patients,
3+ colony 

counts

Patients,
<3+ colony 

counts

Controls, 
all colony 

counts
Total

speA + speC + 39 (12.2) 7 (19.4) 21 (23.6) 67 (15.2)
speA + speC - 41 (12.9) 2 (5.6) 6 (6.7) 49 (11.0)
speA - speC + 143 (44.8) 20 (55.6) 42 (47.2) 205 (46.2)
speA - speC - 90 (28.2) 7 (19.4) 17 (19.1) 114 (25.7)
Missing data1. 6 (1.9) - - 3 (3.4) 9 (2.0)
Total 319 (100.0) 36 (100.0) 89 (100.0) 444 (100.0)

Wald statistic adjusted for season and history of tonsillectomy, pairwise comparison 
procedure, with Bonferroni’s correction.
Nine strains could not be recultured after storage at -85°C.

Appendix Table 2 C.

Colony counts of beta-hemolytic streptococci (BHS) in sore throat patients and in 
asymptomatic controls with respect to history of tonsillectomy.

Colony Counts of BHS'

Patients (No.) 
Tonsillectomy

Yes No

Controls (No.) 
Tonsillectomy
Yes No

negf 29 107 171 234
sporadic 3 4 5 14
1 + 8 8 17 40
2 + 8 56 17 85
3 + 51 377 9 47
Total 99 552 219 420

see section “Patients and methods”, 
neg = no growth of BHS.
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T)e proèkmen, overwoog hij, scholen niet in wat er ßeheurde, Want dat was eenvoudig wat er 
gebeurde, maar hoe datgene wat er gebeurde denbaar was.

The problems, he considered, consisted not in what happened, because that Was simply what 
happened, but in how what happened was conceivable.

!from:d{arry Mulisch, (De ontdekjjing van de hemel, ’(De Westerborll’.
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3.1 Abstract

A randomized placebo-controlled trial of penicillin treatment for 7 days, for 3 days, and 
for 0 days was performed in adult patients with acute sore throat. We hypothesized that 
a short 3-day course of penicillin would accelerate clinical recovery and prevent 
suppurative complications, while limiting the disadvantages of the traditional 7-10 day 
course (e.g., adverse effects, low compliance, and possible induction of penicillin 
tolerance). A total of 561 patients, aged 15-44 years, fulfilled at least three of the four 
Centor criteria. Patients were assessed in the first week (symptom resolution), after 2 
weeks (bacteriological eradication), and after 2, 4, and 6 months (recurrences of sore 
throat or any other upper respiratory tract infection). We found that sore throat 
symptoms resolved 1.9 respectively 1.7 days earlier in patients taking penicillin for 7 
days than in the 3-day penicillin and placebo groups.
Symptoms resolved 2.5 days earlier in patients with group A streptococci. Interestingly, 
this figure was 1.3 days in patients with high colony counts of nongroup A streptococci. 
A total of 23 patients (13%) was withdrawn from the placebo group because of clinical 
deterioration, including 3 peritonsillar abscesses. Sore throat recurred more often in the 
3-day penicillin group than in the other treatment groups. We concluded that a 7-day, 
and not a 3-day, penicillin treatment was superior to placebo in patients with group A 
and with nongroup A streptococcal pharyngitis.

3.2 Introduction

A primary care physician is confronted at least once a week with a patient having an 
acute sore throat. Antimicrobial treatment of this condition is usually unnecessary, 
because most infections are of viral origin.
Penicillin has been the drug of choice in the treatment of group A beta-hemolytic 
streptococci pharyngitis for more than four decades, because it accelerates symptom 
resolution and reduces the number of suppurative complications.1 This drug is also 
considered superior to its alternatives because of the lack of resistance, few adverse 
effects and low costs.2 Today, penicillin is no longer used in the prevention of acute 
rheumatic fever in Western Europe, because of the extremely low incidence of this 
complication.3,4,5
Traditionally, a 10-day penicillin regimen has been advocated in order to maximize 
bacteriological eradication.2,6 Three studies have also suggested that shortening the
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duration of penicillin treatment increases the incidence of bacteriological, but not clinical 
recurrences.6,7'8 As a compromise between the established 10-day treatment and the 
newer 5-day treatment,which is already common practice in the Netherlands,9 national 
guidelines now advocate a 7-day treatment of group A streptococcal pharyngitis.10 
Empirical evidence for this recommendation is, however, lacking. In most trials, 
symptoms of sore throat disappeared within 3 to 4 days of antibiotic treatment. 
Moreover, in other upper respiratory infectons 3- and 5-day courses have proven 
effective,1112 while treatment durations exceeding 5 days have been reported to 
develop resistance to beta-lactam antibiotics.13
For this study, we hypothesized that shortening the traditional duration of penicillin 
treatment in sore throat patients would not influence the resolution of symptoms. A 
placebo group was added to allow for a comparison with the natural course of disease. 
We compared the clinical and bacteriological effects of 7-day penicillin treatment with 
3-day treatment and placebo in adults with an acute sore throat. We were especially 
interested in patients with non-group A streptococci-positive throat cultures, since the 
literature is ambiguous with regard to the causal role of these streptococci in non
epidemic pharyngitis.I4'15'1617

3.2 Patients and methods

Protocol
Setting- The study was conducted from 1994 to 1996 by 55 general practitioners at 43 
general practices located in the towns of Zwolle and Kampen and in the surrounding, 
predominantly rural, area in the Netherlands. In the Dutch health care system, all cases 
of pharyngitis are first presented to the general practitioner.
Patients- A total of 1147 patients, aged 15-60 years, contacted the general practitioner 
because of an acute (<7 days) sore throat (Figure 3.1). Of these, 241 (21%) patients were 
excluded, because they presented with fewer than three of the four Center criteria 
(history of fever, absence of cough, anterior cervical lymphadenopathy, and (tonsillar) 
exudate).18 Of the remaining 906 patients who fulfilled the Centor criteria, 142 (15%) 
were excluded for medical reasons (Table 3.1). Of the 764 eligible patients, 203 (27%) 
patients were not randomized, (a) because they either insisted on penicillin treatment 
(n=106) or rejected it (n=l 1), (b) because of a lack of motivation (n=51), or (c) because 
of logistic reasons indicated by the doctor (n=35). These 203 patients presented with 4 
positive Centor criteria more often (PcO.OOl) than the 561 included patients. Neither
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Figure 3.1 
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these 203 patients nor the 241 patients who met only one or two Center criteria differed 
from the 561 included patients with regard to age, sex, and system of health care 
insurance. Informed consent was obtained from each patient. The study protocol was 
approved by the medical ethics committee of the Isala Clinics, Zwolle.
Clinical evaluation at baseline- Apart from the Center criteria mentioned above, the 
following information was obtained: duration of sore throat, absence from school or 
work, a history of tonsillectomy, smoking habits, number of household members, system 
of health care insurance (private or collective, as an indicator of the socioeconomic 
status), and urbanization (< or >30,000 inhabitants). Furthermore, the number of episodes
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Table 3.1 Reasons to exclude patients. Number and percentage of all patients excluded 
(N=142)

No. %
Antibiotic use in the previous 2 weeks 9 6
(Suspected) intolerance to penicillin 13 9
(Suspected) infectious mononucleosis 21 15
Unable to comprehend protocol/diary 26 18
Urgent need of penicillin 

(imminent) quinsy 
history of glomerulonephritis 
immunocompromized

(total)
68

1
4

73 51

Total 142 100

of pharyngitis and other upper respiratory tract infections, as diagnosed by the general 
practitioner in the previous 6 months, was registered. Upper respiratory tract infections 
were categorized as pharyngitis, acute otitis media, sinusitis, or ’unspecified’. 
Treatment- Patients were randomly assigned (according to a computer-generated list of 
numbers, blinded to doctors and patients) to one of three treatment groups: (1) penicillin 
V for 7 days, (2) penicillin V for 3 days followed by 4 days of placebo treatment, and 
(3) placebo for 7 days. The dosage was two 250 mg capsules three times daily. The 
placebo capsules had the same appearance and taste as penicillin (1 mg quinine was 
added to lactose powder). Paracetamol tablets were supplied to all patients to be used 
on demand. When requested by the patient or doctor, the study co-ordinator (SZ) broke 
the code of treatment.
Clinical follow-up- Patients kept a diary during the 7-day medication period. Each night, 
they recorded the degree of throat complaints, the degree of impairment of daily 
activities (both on a five-point categorical scale), and the oral temperature. The patients 
also registered the number of analgesics used daily (as an additional indicator of clinical 
response) and whether nausea, diarrhea, abdominal pain, and skin rash were present 
(being possible adverse effects of the medication).
Fourteen days after inclusion, patients were re-examined by the general practitioner and 
were asked about the complaints in the second week when no diary was kept.
After 2, 4 and 6 months, the patients were interviewed by telephone. Questions were 
asked regarding sore throat and other complaints possibly related to an upper respiratory 
tract infection: cough, runny nose and earache. If, during the 6 months follow-up period, 
a patient returned, the doctor took two new throat samples for culture. After 6 months, 
the general practitioner recorded the total number of encounters with the patient and, if



RCT of 7 days penicillin vs 3 days or placebo 61

applicable, the type of upper respiratory tract infection or complication diagnosed in the 
preceding 6 months.
Bacteriological measurements- General practitioners were trained to take throat samples 
in an identical manner, thoroughly swabbing both the tonsils or tonsillar fossae and the 
posterior pharyngeal wall. Two subsequent samples were taken from each patient at the 
initial visit and again at the follow-up visit after fourteen days, because previous research 
has demonstrated that the bacteriological yield of two samples is higher than of one.19 
The samples were then transported in a modified Stuart medium and treated in the 
laboratory within 48 hours of sampling.
At the laboratory, each throat swab was rolled semiquantitatively onto a 5% sheep blood 
and an ssA agar plate. The agar plates were then incubated anaerobically at 35°C for up 
to 48 hours. Catalase-negative beta-hemolytic colonies showing gram-positive cocci, in 
chains, were serogrouped using Streptex (Murex Diagnostics, Utrecht, The Netherlands). 
Beta-hemolytic streptococci colony counts were reported in a semiquantitative manner: 
no growth, sporadic colony counts (1-10 colonies), 1+ or low colony counts (>10 
colonies, but limited to initial inoculation area), 2+ or medium colony counts, and 3+ 
or high colony counts (growth into second, respectively third, inoculation area). 
Susceptibility to penicillin was tested using disk diffusion (Neosensitabs, Zutphen, The 
Netherlands). When two different serotypes were found in one culture, only the serotype 
with the highest number of colony counts was included in the analysis. Each strain was 
stored at -85°C for T/M typing at the National Institute of Public Health and the 
Environment (RIVM) in Bilthoven.

Outcome measures
The primary outcome variable was the speed of persistent symptom resolution, defined 
as the resolution of pain or impaired daily activities, and no reappearance in the first 
week. Secondary outcome variables included the occurrence of poststreptococcal 
complications and recurrent episodes of sore throat or any other upper respiratory tract 
infection in the following 6 months. The bacteriological outcome variable was the 
eradication of the initial pathogen.

Compliance
Drug compliance was measured by checking the number of swallowed capsules recorded 
by the patient in the diary and the number of capsules left in the tray, returned to the 
general practice after 14 days. The patient was defined as non-compliant if more than
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one penicillin dosage was left in the 3-day penicillin tray or more than two dosages in 
the 7-day penicillin tray, as indicated by the patient and/or by the practice assistant.

Sample-size estimation
Assuming a minimum absolute difference of 20% with regard to the proportion of 
patients with symptom resolution at day 3-7 between each pair of the three treatment 
groups to be relevant, the required number of patients (alpha= 5%, beta= 10%) was 122 
in each group. In order to allow for a separate analysis of beta-hemolytic streptococci
positive patients (estimated to be 66% of all included patients)20, we aimed at including 
185 patients in each of the three comparison groups.

Data analysis
All analyses were carried out with SPSS 7.0 (SPSS Inc. 1997, Chicago, USA), using an 
intention-to-treat approach. Categorical differences between the three treatment groups 
were tested using the chi-square (with continuity correction) and Fishers’ exact (for small 
numbers) tests. Kaplan-Meier curves, depicting duration of sore throat and impaired 
daily activities, were plotted and the differences were tested with the Wilcoxon (Gehan) 
statistic. Multiple Cox regression analyses were performed to adjust for confounding 
factors. The Wald statistic in Cox regression was used to study modification of the 
treatment effect by baseline patient characteristics, such as age, season, number of 
household members, and duration of complaints. The survival analyses were repeated for 
those 475 patients without a broken treatment code to compare the results of the 
intention-to-treat analysis with an on-treatment analysis.

3.4 Results

Baseline characteristics of patients were similar in the three treatment groups, although 
the proportion of smokers was higher and the proportion of patients with more than two 
household members was lower in the 7-day penicillin group (Table 3.2). A comparison 
of patients from the 19 high-recruiting general practitioners (>10 patients per doctor) 
with those from lower recruiters showed similar proportions of males, early attenders, 
patients with four clinical signs and symptoms, and patients with group A streptococci
positive cultures.
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Table 3.2 Baseline characteristics of sore throat patients per treatment group1*.

Penicillin treatment (duration)
7 d 3 d 0 d

(n=190) (n=194) (n=177)
Mean age (SD), y 28 (9) 28 (9) 28 (9)
Sex (% male) 39 36 39
Health Care Insurance (% Public Health Plan) 73 74 70
> 3 household members 50* 55* 64
Urbanization (>30,000 inhabitants) 52 53 52
Season (October-March) 69 75 73
Medical history
History of tonsillectomy 18 20 18
Smoker (>4 cigarettes/d) 34* 26 21
Sore throat previous 6m* 6 7 11
URI previous 6m* 11 14 16
Clinical presentation
Sore throat > 3 days 40 35 34
Absence from school/work 5 86 86 86
Fever (reported) 86 85 88
Absence of cough 88 85 82
(Tonsillar) exsudate 82 81 80
Anterior cervical lymph nodes 95 94 94
All 4 Center criteria present 52 45 45
Streptococci positive culture
Group A 49 50 52
Group C 13 13 10
Group G 9 6 8
Other serogroups 9 9 8
Streptococci negative culture 20 22 22

* All values are percentages except age
Differences between each pair of treatment groups were tested (chi-square test) 

t P <0.05 compared to placebo
+ At least one patient-doctor encounter for this reason in the previous 6 months 

URI= upper respiratory tract infection
§ Calculated for those who should have attended school or work that day

Symptom resolution
Patients who took penicillin for 7 days showed a persistent resolution of sore throat 1.9 
and 1.7 days sooner than those who took penicillin for 3 days and placebo, respectively 
(Figure 3.2a; P values: Table 3.3). Patients in the 3-day penicillin group did not recover



64 Chapter 3

Table 3.3 Shortening of the median duration of sore throat (no. days). Pairwise comparison* of 
7-day penicillin treatment with 3-day and O-day penicillin treatment per throat culture 
result (beta-hemolytic streptococci, per serogroup and number of colony counts).

Throat culture
Patients

(No.)

7 d vs 3d 
Penicillin

Days (P value)

7 d vs 0 d 
Penicillin

Days (P value)
All 561 1.9 (<0.001) 1.7 (<0.001)
Group A colony 3 + 254 2.5 (<0.001) 2.5 (<0.001)

counts <3 + 26 2.5 (0.08) 2.4 (0.09)
Non- colony 3 + 111 1.5 (0.03) 1.1 (0.05)
Group A counts <3 + 51 0.8 (0.8) 0.8 (0.9)
Non- sero- group C 67 1.0 (0.16) 0.6 (0.24)
Group A groups group G 44 2.7 (0.006) 2.8 (<0.001)

others t 51 0.2 (0.74) -1.5 (0.08)
Negative 119 0.3 (0.26) 0.9 (0.09)

* Wilcoxon (Gehan) analysis
f Other serogroups: Group B, Group F, and non-typeable beta-hemolytic streptococci

more rapidly than those in the placebo group (P=0.74), although 40% of them had a 
temporarily resolved sore throat, which recurred later that week. This latter finding 
accounts for the difference between the two penicillin groups in the Kaplan-Meier curves 
during the first 3 days (Figure 3.2). Analgesic use until day 4 was similar in all three 
groups, however, from day 1 till day 7 the proportion of patients taking analgesics 
declined from 61% to 5% in the 7-day penicillin group, while the reduction was 
considerably smaller in the two other treatment groups (P<0.02).
The 7-day penicillin treatment was more effective in relieving symptoms in patients with 
group A and those with non-group A streptococci-positive throat cultures than the 3-day 
therapy or placebo, especially in those patients with a high number of colony counts 
(Table 3.3). Patients with a culture negative for streptococci also showed a clinical 
response to penicillin, although the difference was not statistically significant (Table 3.3). 
Older age (>27 y) increased the effect of penicillin on the resolution of sore throat 
(P=0.04), while the presence of 4 Center criteria (P=0.48), a history of tonsillectomy 
(P=0.14), or a short duration of sore thoat (<3 days, P=0.56) at baseline did not have 
influence.
Patients who took penicillin for 7 days resumed their daily activities 2.2 and 2.0 days 
earlier than those in the 3-day penicillin and placebo groups, respectively (PcO.OOl, 
Figure 3.2b). However, the reattendance rate of the 267 patients who were initially
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Figure 3.2 Kaplan-Meier plots of symptom resolution persisting for the remaining days in the 
first week (proportion of patients, per treatment group).
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unable to attend school or work was similar in the three treatment groups.
Six patients, all placebo-treated, had a streptococcal complication: three peritonsillar 
abscesses (streptococci group A 3+, group B 3+, and group G 3+, respectively), one 
erysipelas of the hand, one impetigo, and one transient polyarthritis (the latter three were 
group A streptococci 3+; no serology was carried out). Acute rheumatic fever and 
poststreptococcal glomerulonephritis did not occur. The treatment code had to be broken 
because of persisting pain, imminent abscess, or a complication in four (2%) 7-day 
penicillin-treated patients (2 having group A streptococci), in eight (4%) 3-day penicillin- 
treated patients (4 having group A streptococci), and in 23 (13%) placebo-treated 
patients (16 having group A streptococci) (Figure 3.1).
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Bacteriological response
At baseline, 442 (79%) of the 561 patients had a beta-hemolytic streptococci-positive 
throat culture. Group A streptococci were cultured in 280 (50%) patients, group C in 67 
(12%), group G in 44 (8%), group B in 33 (6%), group F in 12 (2%), and non-typeable 
streptococci in 6 (1%) patients. Two different serotypes were found in 8 patients. 
Tonsillectomized patients had a lower prevalence of beta-hemolytic streptococci (70%) 
than those with tonsils in-situ (80%, P=0.04). The prevalence of beta-hemolytic 
streptococci was similar in patients with 4 and 3 Center criteria. None of the 365 beta- 
hemolytic streptococci tested was found resistant to penicillin.
A total of 474 (84%) patients returned for the follow-up culture after two weeks (range 
12-20 days, mean 15 days). The 7-day treatment of penicillin was more effective than 
the 3-day treatment in eradicating group A and group G, but not group C, streptococci 
from the throat (Table 3.4). Only in eradicating group A streptococci was the 3-day 
penicillin treatment more effective than placebo.

Table 3.4 Eradication rate of the treatment groups, per homologous group A, group C and 
group G beta-hemolytic streptococci serogroup. Numbers (percentages).

Penicillin treatment (duration)
7 d 3 d 0 d

Group A 57/79 (72)* 36/87 (41/ 5/70 (7)
Group C 8/20 (40) 4/18 (22) 3/15 (20)
Group G 15/17 (88)* 4/10 (40) 4/15 (27)

* P <0.05 compared to placebo, and P<0.05 compared to 3 days penicillin (pairwise testing)
t P <0.05 compared to placebo

Recurrences
The incidence of recurrent episodes of sore throat, from the second week until 6 months 
following inclusion, was similar in the 7-day penicillin and the placebo groups (around 
30%) and higher in the 3-day penicillin group (40%). However, this difference had no 
impact on the re-attendance rates (Table 3.5). Six patients underwent tonsillectomy, 4 
of them had a culture positive for group A and 2 for group C streptococci.
Of the 44 patients who revisited the doctor because of a recurrent sore throat, 27 (61%) 
were documented with a throat culture. Thirteen (30%) patients had a re-infection with 
a homologous group A streptococci; they were more or less equally distributed among 
the treatment groups.
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Table 3.5 Episodes of sore throat and upper respiratory tract infections (URIs, including sore 
throat episodes) reported by patient and doctor during the 6-month follow-up. 
Number (percentage) of patients suffering from at least one episode per given period, 
per treatment group.

Penicillin treatment (duration)
7 d 3d 0 d

Sore throat
Day 7 *
Day 8-15 §
Day 60-1801 
Reattendance d 16-180 11
URI
Day 8-15 (cough only) 
Day 60-1801 
Reattendance d 16-180 1

36/190 (197 81/194
56/174 (32) 73/177
52/159 (33) 56/148
19/141 (14) 15/125

32/173 (19) 44/177
95/159 (60) 96/148
27/141 (19) 28/125

(42) 63/177 (36)
(41)* 44/156 (28)
(38)* 35/142 (25)
(12) 10/119 (8)

(25) 29/155 (19)
(65) 78/142 (55)
(22) 17/119 (14)

* Registered in patient's diary (persisting or recurrent sore throat)
t P <0.05 compared to placebo, and P<0.05 compared to 3 days penicillin (pairwise testing)
f P <0.05 compared to placebo (pairwise testing)
§ Registered at follow-up visit on day 15 (persisting or recurrent sore throat)
‘I Registered by telephone interview (% of patients with at least one episode of sore throat,

respectively URI: at least 3 days sore throat, cough, runny nose, or earache complaints)
II Registered in medical files (% of patients with at least one episode of pharyngitis,

respectively URI: pharyngitis, acute otitis media, sinusitis, or unspecified upper respiratory 
complaints)

Adverse effects
Nausea occurred more often in the two penicillin groups (40% in the 7-day and 39% in 
the 3-day group) than in the placebo group (16%). Abdominal pain was also reported 
more frequently in the penicillin groups (25% respectively 28%) than in the placebo 
group (15%). The presence of diarrhea and skin rash was similar in all three treatment 
groups.

On-treatment analysis
On-treatment analysis showed a pattern similar to the intention-to-treat analysis (Figure 
3.2) with both clinical endpoints in favor of the 7-day penicillin treatment: the median 
duration of pain was 1.9 and 1.7 days shorter than in the 3-day penicillin group and 
placebo group, respectively. With regard to the impaired daily activities, the figure was
1.8 and 1.5 days, respectively (all P values <0.001).
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3.5 Discussion

Penicillin given for 7 days shortened the period of sore throat and impaired daily 
activities by approximately 2 days in our adult sore throat patients. This reduction is 
larger than that reported in earlier studies1 and was seen not only in the group A, but 
also in the high colony-count non-group A streptococci-positive patients. The selection 
of our patients was based on clinical features and not the results of a rapid group A 
antigen-detection test, because the management of sore throats in Dutch primary care is 
founded on clinical, not bacteriological grounds.10 Furthermore, such a test would have 
excluded all patients with non-group A streptococcal pharyngitis.
The 106 patients refusing to participate because of their preference for penicillin 
treatment may have been more ill than those randomized, because they met more Center 
criteria. Since it seems reasonable to assume that the most seriously afflicted patients did 
not participate in the trial (Table 3.1), inclusion of these patients would have contributed 
to an even more pronounced effect of penicillin.
The 2.5-day acceleration of symptom resolution recorded in our group A streptococci- 
positive patients treated with penicillin for 7 days is unprecedented. We included a 
record number of adults, selected by a validated set of clinical criteria, and used the 
endpoints of a complete and persistent resolution of sore throat and impaired daily 
activities. As far as we know, only six placebo-controlled trials in the past 50 years have 
assessed the effect of penicillin, given for either five21,22,23 or ten3,4,5 days, on the 
resolution of sore throat in adults. In general, a 0.5-1.5-day acceleration of symptom 
resolution was observed in the penicillin group in these studies, notably in group A 
streptococci-positive patients. Unfortunately, we could not compare all of these trials to 
ours. One study with an open randomized protocol, for example, did not include 
bacteriological assessments.5 Another study included more than 200 adult patients, but, 
only provided limited information on selection criteria and withdrawals.22 Furthermore, 
only 8% of their patients were group A streptococci-positive. A recent meta-analysis of 
10,484 cases of sore throat reported that antibiotics shortened the duration of symptoms 
by about eight hours.1 The wide variety of inclusion criteria (notably age), 
bacteriological methods, and clinical endpoints, however, hampered comparison with our 
results.
Our finding that 7-day penicillin treatment was effective in 3+ non-group A streptococci- 
positive patients lends proof to suggestions in the literature about the causal role in 
pharyngitis of group C streptococci, notably those with high colony counts16,24, and of 
group G streptococci17,25. To date, only one other placebo-controlled trial has studied
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non-group A streptococci-positive patients and they found no effect of penicillin.4 This 
may, however, be attributable to the small size of the subgroup.
We also observed a trend towards a clinical effect of penicillin in patients with a strep- 
tococci-negative culture (Table 3.3). Other researchers have found erythromycin26,27 
and cefixime23 effective in accelerating clinical recovery in non-streptococcal pharyngitis. 
Apparently, other penicillin-sensitive micro-organisms, which we did not look for, may 
also play a causal role in acute sore throat.
Penicillin given for 3 days was not effective when compared to placebo. It even showed 
a tendency to prolong the period of sore throat in the first week (Figure 3.2) and to 
increase the recurrence rate in the second week and the following 6 months (Table 3.5). 
Although the reason for this tendency is unknown, it may well be that the short duration 
of penicillin treatment only suppressed the pathogenic streptococci without eradicating 
them and thus reduced the natural immune response, which is a vital mechanism for the 
eradication of streptococci from the inflamed throat. This phenomenon may have been 
the reason for the unacceptable number of treatment failures in a recent Swedish 5-day 
penicillin intervention trial, which was terminated prematurely.28 
The risk of recurrent sore throat in the 7-day penicillin group was similar to that in the 
placebo group, a finding concordant with the other placebo-controlled study which 
measured recurrences.4 In another study, the medicalizing effect of previous 
antimicrobial prescriptions was held responsible for the higher reattendance rate in the 
penicillin group.29
We were confronted with 6 poststreptococcal complications, including 3 abscesses, and 
a high percentage of patients in the placebo group who broke the treatment code due to 
persisting or worsening complaints. The risk of an abscess was considerably reduced by 
antibiotics, a finding concordant with the relative risk of 0.19, calculated in the recent 
meta-analysis.1 The reported adverse effects of penicillin were mild and the reason to 
cease participation for only 3 patients (0.8%).
The 72% group A streptococci eradication rate in the 7-day penicillin group (Table 3.4) 
was lower than the 87-91% eradication detected within 2 weeks after completion of a 
10-day penicillin regimen in two studies of predominantly adult patients.8,30 
Nevertheless, there is no evidence that a 10-day penicillin regimen reduces the risk of 
non-suppurative complications more effectively than a 7- or 5-day regimen.1 We do not 
know why penicillin appeared to eradicate group G streptococci more effectively than 
group C streptococci (Table 3.4). Group C and G streptococci tend to be more prone to 
penicillin tolerance than group A streptococci, but not at a clinically relevant level.31
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In conclusion, if the aim is acceleration of symptom resolution and a reduced risk of 
suppurative complications, a full 7-day course of penicillin is the effective treatment for 
adult sore throat patients with group A and 3+ non-group A streptococci. The surplus 
value of a 10-day course was found only in terms of increased bacterial eradication.6 
Since the 3-day course of penicillin was not at all effective and a 5-day period probably 
insufficient, the trend in Western Europe to reduce the duration of treatment of 
streptococcal pharyngitis should be discouraged. Furthermore, we detected a new target 
group for penicillin treatment, i.e. patients with high colony-count non-group A 
streptococcal pharyngitis. This finding may refine our diagnostic tools to identify the 
true-positive infection of both group A and non-group A streptococci, which will 
respond to penicillin, within the wide spectrum of sore throat patients consulting their 
physician. In view of the growing problem of bacterial resistance, prudent penicillin 
prescription is needed to minimize irrational expectations of patients and physicians 
towards antibiotics.12
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"De mens is ßeen machine, en 00^ niet eenvoudiß een dier, zoals jij,- en ze[fs van jou 6en Hj niet 

zekgr. Daarom moet ßedraß niet causaaC maar finaaC ßetoetst worden. Maß ik. even een 

Wetensc/mppefijke toon aanslaan!1 Uit de causale Sescfaijvinß is het morek oordeet VerdzVemn,..."

"Man is not a machine, or simp[y an animal, like you- and I’m not even sure about you. ‘That's 
why behavior must bejudßed not causally but finally. Do you mind my takjnß a scientific tone for 
a moment? The moral judgment has disappeared from the causal desription,..."

drom: Marry Mulisch, De ontdekkjny van de hetnel, De Schaduw’.
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4.1 Abstract

This study assessed the prognostic factors for an abnormal course of an acute sore throat 
episode, independent of penicillin treatment. A total of 690 sore throat patients, aged 4- 
60 years, were selected. For inclusion, they had to fulfill at least three of the four 
clinical criteria cited by Center (history of fever, absence of cough, anterior cervical 
lymphadenopathy, and (tonsillar) exudate). Since Centor criteria are less sensitive in 
children, at least two were required in the 4-14 year age group. An abnormal course was 
attributed to all patients who still had pain or serious impairment of daily activities at 
day 5 and/or had a broken treatment code because of deterioration or complication. All 
baseline characteristics were considered possible determinants of deterioration and were 
entered into a bivariate Cox regression analysis. All factors suggesting a minimum grade 
of association (P<0.20) were then entered into a multivariate model. From this analysis, 
three independent determinants of an abnormal course of sore throat were found 
(P<0.05): increasing age (also within the subgroups of children and adults); high initial 
impairment of daily activities; and a throat culture negative for high colony-count group 
A, C, or G streptococci. The first two factors must be taken into account when deciding 
upon penicillin treatment for sore throat patients selected by the Centor criteria. The last 
prognostic factor suggests that nonstreptococcal infections may last for a longer period 
than streptococcal infections in this patient group.

4.2 Introduction

Because the natural course of an acute sore throat presented to the general practitioner 
is mostly mild and self-limiting, penicillin treatment is usually unnecessary. Some 
patients, however, become seriously ill and may develop a suppurative complication like 
quinsy.1 As in any contact, the doctor’s job is to carry out a ’multivariate analysis’ of 
all factors at baseline in order to predict the course of the illness. The ideal situation is 
when the doctor can predict clinical deterioration by correctly interpreting signs and 
symptoms, so that penicillin treatment can be restricted to those patients who really need 
it. Traditionally, a group A streptococci- positive throat culture has been associated with 
a poorer prognosis in sore throat patients. Several scorecards have been identified that 
facilitate the recognition of streptococci-positive sore throat episodes.2,3'4 
Nevertheless, much remains to be learnt about the determinants of a deviation from the 
usually benign course of a sore throat episode, other than colonization with beta-
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hemolytic streptococci. Both clinical and sociocultural aspects can play a role in 
determining the duration of sore throat complaints;5 for example, recovery from 
respiratory infections might be delayed because of the insufficient information given to 
the patient regarding etiology and prognosis6 and because of psychological stress.7 One 
of the recommendations of the recent meta-analysis of randomized trials on sore throat 
was to set up a search for these prognostic factors.8
This study aims to determine which clinical, bacteriological, and attitudinal factors are 
predictive of a prolonged course or complications in patients with possible streptococcal 
pharyngitis.

4.3 Patients and methods

Patients- From autumn 1994 until summer 1996, 55 general practitioners in The 
Netherlands recruited all patients with signs and symptoms of an acute (<7 days) sore 
throat to participate in a placebo-controlled penicillin-intervention trial.9 For inclusion, 
adults had to fulfill at least three of the four criteria elaborated by Center et al. (history 
of fever, absence of cough, anterior cervical lymphadenopathy, and (tonsillar) exudate).4 
Since these criteria are less sensitive in children, a minimum of two were required in the 
4-14 year age group. Patients were excluded when antibiotic treatment had been given 
in the preceding 14 days, or when either penicillin intolerance, imminent peritonsillar 
abscess, or co-morbidity requiring antibiotics was present. The study protocol was 
approved by the medical ethics committee of the Isala Clinics, Zwolle. Patients were 
allocated at random to a treatment of penicillin V for 7 days, penicillin V for 3 days 
followed by 4 days of placebo, or placebo for 7 days.
Analgesics were supplied to all patients to be used on demand. Patients kept a diary 
during the 7-day medication period. Each night, they recorded the degree of throat 
complaints, the degree of impairment of daily activities (both on a five-point categorical 
scale), oral temperature, and whether analgesics were used. Informed consent was 
obtained from each patient or legal guardian.
Baseline characteristics- Age, sex, smoking habits, asthma/COPD or diabetes mellitus, 
a history of tonsillectomy, the number of household members, the system of health care 
insurance (private or collective, as an indicator of the socioeconomic status), and 
urbanization (< or >30,000 inhabitants) were recorded. Furthermore, the number of 
episodes of pharyngitis and other upper respiratory tract infections, as diagnosed by the 
general practitioner in the previous 6 months, was registered. Upper respiratory tract
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Table 4.1 Baseline characteristics of all patients, N=690.

Variable No. (%)
Mean age (SD), y 24 (11)
Age category (>15 y) 561 (81)
Sex (male) 276 (40)
Health care insurance (collective) 492 (71)
Urbanization (>30,000 inhabitants) 355 (51)
Season (Oct-Mar) 489 (71)
>3 householdmembers 413 (62)
Inclusion criteria
Fever (reported) 596 (86)
Absence of cough 565 (82)
(Tonsillar) exsudate 549 (80)
Anterior cervical lymphnodes 654 (95)
All 4 criteria present 316 (46)
Medical history
History of tonsillectomy 107 (16)
Smoker (> 4 cigarettes/d) 162 (29) *
Diabetes/ asthma/ COPD 43 (6)
Sore throat previous 6 m 60 (9)
URTI previous 6 m 102 (15)
Clinical presentation
Sore throat > 3 d 246 (36)
Absence from school/work 358 (52)
Much pain (grade 4-5) 514 (75)
Impaired daily activities (grade 4-5) 292 (42)
Fever (>38.0°C) 440 (64)
Throat culture
No streptococci 146 (21)
Group B or F or X' strep 55 (8)
Group A,C,or G strep lower colony counts 71 (10)
Group A,C,or G strep high colony counts 418 (61)

* % of adults (> 15 y) only
t nontypeable streptococci

infections were categorized as pharyngitis, acute otitis media, sinusitis, or ’unspecified’ 
(Table 4.1).
Patients filled in a personal health attitude questionnaire. Each answer consisted of 5 
categories ranging from ’totally agree’ and ’totally disagree’. The questionnaire was
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based on the Dutch version of the Health Locus of Control Scale,10 as adapted by 
Halfens,11 and the Self-Efficacy Scale,12 validated in The Netherlands.13 The Health 
Locus of Control Scale encompasses two main dimensions of locus-of-control, indicating 
whether the patient attributes his/her healthy condition to internal (the patient’s own 
contribution), or to external (e.g. the doctor) factors. The Self-Efficacy Scale measures 
self-efficacy in minor ailments. We used it to measure the intended health care-seeking 
behaviour of our patients for a number of specific minor ailments, including acute ankle 
distorsion, a short episode of cough, acute low back pain, acute diarrhoea, and acute sore 
throat. The answers in this scale may vary from task to task and, in contrast to the 
Health Locus of Control Scale, do not refer to a general personality characteristic. The 
internal consistency of each scale was assessed (Cronbach’s alpha). For each set of 
items, factor analysis (principal component) was used to test whether items clustered as 
expected. Three scales were formed (factor loading >0.40): external locus-of-control (9 
items, oc=0.62), internal locus-of-control (9 items, a=0.78), and self-efficacy in minor 
ailments (20 items, a=0.78).
Bacteriology- Each throat sample, taken by the general practitioner, was cultured semi- 
quantitatively on sheep blood and ssA agar and incubated anaerobically at 35 °C for up 
to 48 hours. The cultures were inspected daily for beta-hemolytic colonies. Catalase
negative, gram-positive cocci in chains were serogrouped using Streptex (Murex 
Diagnostics, Utrecht, The Netherlands). Beta-hemolytic streptococci colony counts were 
reported in a semiquantitative manner: no growth, sporadic (1-10 colonies), 1+ or Tow’ 
(>10 colonies, but limited to initial inoculation area), 2+ or ’medium’, and 3+ or ’high’ 
colony counts (growth into second, respectively, third inoculation area).
Outcome parameter- An abnormal course of sore throat was defined as an aggregate 
endpoint: persistence of the sore throat complaint at day 5 and/or serious (grade 4 or 5) 
impairment of daily activities at day 5 and/or breaking of the treatment code because of 
deterioration of the clinical condition, e.g. an imminent abscess.
Data analysis- Bivariate analyses were carried out using Cox regression to determine the 
association between possible clinical, bacteriological, and altitudinal determinants and 
an abnormal course of sore throat. Since high colony counts of group A, C, and G 
streptococci had the strongest effect on symptom resolution in adults treated with 
penicillin, compared to other or negative throat culture results,9 we created a 3-step 
bacteriological variable to be tested: (1) throat culture negative or positive for 
nonpathogenic group B, F, or nontypeable streptococci; (2) lower colony counts of group 
A, C, or G streptococci; and (3) high colony counts of group A, C, or G streptococci. 
The strength of the associations was expressed in hazard ratios with 95% confidence
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intervals. All factors showing a P-value <0.20 in the bivariate analyses were included 
in a multivariate Cox regression analysis, using a backward stepwise approach (P<0.05). 
Initially, all patients, irrespective of treatment allocation, were included in the analysis, 
since, by definition, treatment is not a confounder. Nevertheless, a separate analysis was 
carried out in the placebo group to assess whether penicillin could act as an effect 
modifier. Further subgroup analysis of prognostic associations was performed in children 
and adults, as pharyngitis is often viewed as a separate clinical entity in these groups. 
Since health attitude influences the moment of consulting a doctor14 and thus may 
influence the clinical baseline characteristics, we determined the association (Chi-square 
test, two-tailed) between the measures of health attitude and important clinical 
parameters, such as sore throat in the previous 6 months, duration of sore throat (<3 or 
>3 days), severity of pain and impaired daily activities (grade 1-3 or 4-5), the number 
of clinical criteria (<4 or 4), and the throat culture result (3+ group A, C, G streptococci 
present or absent).

4.4 Results

Included patients- Of the 1391 patients complaining of acute sore throat, 279 (20%) had 
insufficient clinical signs and symptoms to fulfill the inclusion criteria. Another 170 
(12%) patients met at least one of the exclusion criteria (89 (6%) had an urgent need of 
penicillin) and 252 (18%) were not able or willing to participate. Thus, 690 patients were 
included in the present prognostic study. The 252 patients who were not able or willing 
to participate complied more often with the four Center criteria than the 690 included 
patients (PcO.001). A total of 228 patients were randomly allocated to the 7-day 
penicillin group, 237 to the 3-day penicillin group, and 225 to the placebo group. Except 
for the higher proportion of smokers in the 7-day penicillin group (P=0.04), baseline 
characteristics (Table 4.1) were similar for the three treatment groups.
Bivariate analysis revealed four determinants of an abnormal course of sore throat (P- 
value <0.20, Table 4.2): the age category (adults); a high initial grade of pain; a high 
initial grade of impaired daily activities; and absence of high colony counts of group A, 
C, and G streptococci. Multivariate Cox regression analysis identified increasing age, 
high initial impairment of daily activities, and throat culture negative for high colony- 
count group A, C, or G streptococci as independent prognostic predictors (Table 4.3). 
The addition of treatment allocation to the model did not change the findings.
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Table 4.2 Possible determinants of a prolonged clinical course of an acute sore throat or
deterioration. Results of bivariate analysis in all patients (N=690), Cox regression.

Variable HR*
All patients

95% Cl* P value
Age category (>15 y) 1.36 1.00-1.84 0.05
Age (per 5 y) 1.01 1.01-1.02 0.002
Sex (male) 1.11 0.90-1.38 0.33
Health care insurance (collective) 0.97 0.77-1.23 0.81
Urbanization (>30,000 inhabitants) 1.03 0.83-1.27 0.82
Season (Oct-Mar) 1.10 0.87-1.40 0.44
>3 householdmembers 0.96 0.77-1.19 0.69
Inclusion criteria
Fever (reported) 1.14 0.82-1.58 0.42
Absence of cough 1.00 0.76-1.33 0.97
(Tonsillar) exsudate 0.93 0.72-1.21 0.60
Anterior cervical lymphnodes 0.92 0.58-1.47 0.74
All 4 criteria present 0.99 0.80-1.23 0.93
Medical history
History of tonsillectomy 1.06 0.79-1.41 0.70
Smoker (> 4 cigarettes/d) 1.04 0.81-1.34 0.74
Diabetes/ asthma/ COPD 1.00 0.64-1.55 0.99
Sore throat previous 6 m 1.10 0.77-1.58 0.62
URTI previous 6 m 1.09 0.82-1.46 0.54
Clinical presentation
Sore throat > 3 d 1.03 0.83-1.29 0.78
Absence from school/work 0.96 0.76-1.21 0.73
Much pain (grade 4-5) 1.40 1.07-1.84 0.01
Impaired daily activities (grade 4-5) 1.36 1.10-1.68 0.005
Fever (>38.0°C) 1.13 0.90-1.42 0.28
Throat culture
No streptococci or group B/F/Xf strep 1.00 t
Group A,C,or G strep lower colony counts 1.14 0.81-1.59 0.45
Group A,C,or G strep high colony counts 0.83 0.67-1.02 0.08
Health attitude
Self-efficacy 1.03 0.95-1.12 0.46
Internal locus of control 0.97 0.89-1.05 0.47
External locus of control 1.04 0.95-1.13 0.41

t
t

HR= Hazard ratio; CI=confidence interval 
X= Nontypeable streptococci 
indicates reference value
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Table 4.3 Results of multiple regression analysis of factors that predict a prolonged clinical 
course or deterioration in sore throat patients (N=690).

Variable HR* 95% Cl* P value
Age (per 5 y) 1.01 1.00-1.02 0.006
Impaired daily activities 
(grade 4-5) at baseline

1.32 1.06-1.64 0.01

Group A,C,or G strep high 
colony counts

0.80 0.65-1.00 0.05

HR= Hazard ratio; CI=confidence interval

Of the patients who took placebo, we found that increasing age was the strongest 
determinant of an abnormal course (HR 1.02, 95%CI 1.00-1.03). Increasing age was also 
associated independently with an abnormal course of sore throat in the subgroups of 
children 4-14 years (HR 1.14, 95% Cl 1.03-1.32) and adults 15-60 years (HR 1.01, 95% 
Cl 1.00-1.03). No other statistically significant determinants were noted in these 
subgroups.
Patients with previous sore throat, those with a duration >3 days, those matching the 
maximum number of clinical criteria, and those with 3+ group A, C, or G streptococci 
had a similar health attitude as their counterparts (Table 4.4). Patients with severe pain 
and impairment of daily activities at baseline scored high on both the internal and 
external locus-of-control scales and the self-efficacy scale.

Table 4.4 Association between measures of health attitude and baseline characteristics.*

High self- 
efficacy

High internal 
locus-of-control

High external 
locus-of-control

Sore throat previous 6 months X X X

Sore throat > 3 days X X (+)
Much pain (gr 4-5) (+) + +
Impaired daily activities (gr 4-5) + X X

All 4 Center criteria present X X X

Group A, C, or G streptococci 
high-colony-count culture

X X X

Chi-square test:
+ = positive association (P<0.05)
(+) = tendency towards positive association (0.05<P<0.10)

= negative association (P<0.05)
= no association (P>0.10)x
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4.5 Discussion

Increasing age and a high initial grade of impaired daily activities were independent 
predictors of an abnormal course of a sore throat episode in our patient group with 
possible streptococcal pharyngitis. No other clinical, bacteriological, or attitudinal factor 
was associated with an abnormal course of sore throat.
Children recovered more quickly from a (streptococcal) sore throat than adults in our 
study. Few other studies have even discussed the effect of age on symptom resolution 
of sore throat patients. Nearly all penicillin-intervention trials in the 1950s were carried 
out in military populations with a narrow age range.15 The randomized placebo- 
controlled trials we found in the more recent literature recorded an equal distribution of 
age among the treatment groups.161718 When analyzing the effect of treatment on 
symptom resolution, only two studies assessed a possible effect modifying by age.519 
An English study in the 1950s noted a faster recovery in the 5-9 year age group than in 
those >10 years (secondary analysis of results. Chi-square test, P=0.04).19 A WHO study 
on the management and outcome of acute sore throat episodes in 17 European countries 
reported that the mean number of days with illness differed between 2.6 and 8.2.5 
Secondary analysis of the results of countries with >100 participating patients showed 
that age distribution explained part of this difference; in the 6 countries with >60% of 
patients younger than 24 years, the mean illness duration was 4.3 days versus 7.3 days 
in the remaining 3 countries with fewer patients younger than 24 years, irrespective of 
the outcome of throat cultures. Interestingly, a study on patients with acute sinusitis 
revealed the same two predictors for a prolonged duration of symptoms that we 
observed: increasing age and a high clinical severity score.20
A high grade of impaired daily activities reported at day one was a stronger prognostic 
factor than a high grade of pain. As far as we know, these items have never been 
highlighted in the assessment of clinical signs and symptoms of sore throat 
patients.21,22 In interpreting this finding, it should be emphasized that patients are more 
likely to report a high grade of impaired daily activities at day 5 if a similar response 
was given at day 1 using the same scale.
The absence of high colony-count group A, C, or G streptococci in the throat culture 
was another determinant of an abnormal course of sore throat in our patients. The natural 
course of pharyngitis caused by these bacteria may be shorter than when the infection 
is caused by a virus. In one diagnostic study on adult sore throat, the mean symptom 
duration in group A streptococci-positive patients was 4 days compared with 7 days in
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the remaining patients (P<0.01).23 Unfortunately, no other empirical evidence for this 
assumption is available.
Our finding that the prior duration of sore throat was not a predictor of the course was 
surprising in view of the opinion expressed by some authors that patients consulting their 
doctor with complaints lasting longer than 48 hours have a better prognosis than ’early 
attenders’.24 As far as we know, however, this hypothesis has never been addressed in 
a study including a sufficient number of ’late attenders’ (>48 hours of complaints). 
The relative lack of important prognostic determinants in our study may be attributed to 
the inclusion of a rather homogeneous group of sore throat patients, showing little 
contrast. Apparently, the inclusion criteria were effective in filtering out the majority of 
sore throat patients with a mild infection. The fact that patients consulting their general 
practitioner with relatively mild complaints are probably less able to cope with their 
condition may have resulted in a dilution of the association between altitudinal factors 
and prognosis.14'25 This assumption is illustrated by the lack of a relationship between 
a specific health attitude and clinically relevant baseline characteristics (Table 4.4). Our 
finding that self-efficacious patients had a high initial grade of pain and impairment 
(predicting a prolonged course. Table 4.3) might explain the absence of the expected 
association between ’self-efficacy’ and a shortened course of disease.14 Patients who 
scored high on both the internal and the external locus-of-control scale were probably 
inclined towards internal-oriented behaviour, but did not always implement it.11 In 
addition, our sample size, although large compared to most prognostic studies, may have 
been too small for some of the weaker predictors.
In conclusion, two additional prognostic factors should be taken into account when 
evaluating a patient with possible streptococcal pharyngitis according Center criteria: age 
and the initial grade of impaired daily activities. Assessment of these prognostic 
determinants may further facilitate the targeting of those patients most likely to benefit 
from antibiotic treatment.
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Onna maalde nu een onderscheid tussen 'groot weer’ en 'hfein weer’: het weer hpn zo stecht zijn, 
dat het door het nuCpunt heenstoeg en weer goed werd. Donder en ètihsem, dijljhreuhen, 
overstromingen, daarvan kpn je toch niet zeggen dat het ’stecht weer’ was; waarop t\da% vertelde, 
dat Dictions elke kerstavond een diner voor zijn vrienden gaf, waarbij een gehuurde zwerver buiten 
in de sneeuwstorm onder het raam moest staan en elke paar minuten moest roepen: "iHu! ‘Wat is 
het koud!"- zodat men binnen des te meer genoot van de warmte en de glans.

Onno now made a distinction between ’large weather’ and 'small weather’: 
the Weather could be so bad that it fell below zero and becmne good again. Thunder and lightning, 
breached dykes, floods- you couldn’t say that they were ’bad weather’; Ma\^ then told them that 
Dickens gave a dinner for his friends every Christmas Due, in which a hired tramp had to stand 
outside in the snowstorm under the zvindow and shout every few minutes, "Bn! blow cold it is!’- 
so that the people inside enjoyed the warmth and the goose even more.

from: blurry bdulisch, De ontdekking van de hemel, ’Hancy’.
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5.1 Abstract

Streptococcus-related factors may be associated with delayed recovery and complications 
in patients suffering from group A streptococcal pharyngitis, analogous to those factors 
associated with virulence in invasive streptococcal disease, such as certain T/M types 
and speA exotoxin gene. We hypothesized that we would find a higher prevalence of 3+ 
colony counts, T1M1 and T3M3 subtypes, and genes encoding for exotoxin A and C 
production in patients with a delayed recovery or complication than in patients with a 
normal recovery. A total of 367 sore throat patients, aged 4-60 years, had a throat 
culture positive for group A beta-hemolytic streptococci. They were treated with either 
a 3-day penicillin regimen, a 7-day penicillin regimen, or placebo. Of the 367 patients, 
135 (37%) still had sore throat or seriously impaired daily activities at day 5 and 31 
(8%) developed a complication. After adjustment for penicillin treatment and for 
confounding host-related factors, no streptococcal markers could be found associated 
with a delayed recovery or with complications.

5.2 Introduction

Group A streptococcal pharyngitis is a common, mostly self-limiting disease in primary 
care. Nevertheless, some patients experience a delayed recovery or a serious 
complication like quinsy. As in any infection, both the microbe and the host play their 
own role in the pathogenesis. It is unclear, however, whether specific streptococcal 
factors can predict clinical deterioration, especially in ambulatory sore throat patients 
without an underlying disease. In the past 10 years, the incidence of invasive 
streptococcal infections has surpassed that of acute rheumatic fever in The Netherlands.1 
Studies have shown that specific characteristics of group A streptococci, especially T1M1 
and T3M3 types and the isolates producing exotoxin A predispose to invasive 
streptococcal diseases, such as toxic shock syndrome.I’2'3'4’5,6’7’8 In two areas in the 
USA with emerging invasive streptococcal disease, for example, a high percentage of 
patients with streptococcal pharyngitis had the same T/M type that was isolated in most 
invasive infections.9,10 Other authors have suggested an association between the 
production of exotoxin A, streptococcal pharyngitis, and toxic shock syndrome.11,12 
Apparently, pharyngeal infections serve as a reservoir for virulent streptococcal clones 
in the community. If potentially virulent strains and exotoxin A production do play a 
role in the pathogenesis of invasive streptococcal infections, it could be worthwhile to
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examine the role of these streptococcal markers in seriously ill sore throat patients. In 
addition, a high number of beta-hemolytic streptococci colony counts may be of 
influence since this characteristic is significantly associated with active disease, as 
demonstrated in a recent case-control study on acute sore throat.13 
In a study14 of 367 group A streptococci-positive patients with an acute sore throat, we 
found 135 (37%) still having complaints at day 5 and 31 (8%) suffering from a 
complication. Based on further data from that study, we hypothesized that these two 
subgroups would have a higher rate of four potential markers: (1) high number of colony 
counts; (2) T1M1 and T3M3 subtypes; (3) speA exotoxin gene; and (4) speC exotoxin 
gene.

5.3 Patients and methods

Patient selection- From 1994 to 1996, 55 general practitioners in The Netherlands 
selected patients with acute (<7 days) sore throat, aged 4-60 years, to participate in a 
penicillin-intervention trial.14 Patients were excluded if they had received antibiotic 
treatment in the preceding 14 days or if they presented with either intolerance to 
penicillin, imminent quinsy, or co-morbidity requiring antibiotics. The included patients 
were randomly allocated to one of three regimens: (1) penicillin V for 7 days; (2) 
penicillin V for 3 days followed by placebo for 4 days; or (3) placebo for 7 days. 
Endpoints- Patients kept a diary to record the degree of pain and impairment of daily 
activities on a 5-point categorical scale. (1) They were considered to have a delayed 
recovery, if they still perceived pain (grade 2-5) or impaired daily activities (grade 4-5) 
at day 5. (2) A complication was noted if the treatment code had to be broken because 
of a deteriorating condition, most often an imminent quinsy.
Bacteriology-Each throat sample, taken by the general practitioner, was cultured semi- 
quantitatively on 5% sheep blood agar and an ssA agar plate (Becton Dickinson, Leiden, 
The Netherlands). Both agar plates were incubated anaerobically at 35 °C for up to 48 
hours, and inspected daily for beta-hemolytic colonies. Pinpoint catalase-negative, gram
positive cocci in chains were serogrouped using Streptex (Murex Diagnostics, Utrecht, 
The Netherlands). Beta-hemolytic streptococci colony counts were reported in a 
semiquantitative manner: no growth, sporadic (1-10 colonies), 1+ or ‘low1 (>10 
colonies, but limited to initial inoculation area), 2+ or ‘medium' , and 3+ or ‘high’ 
colony counts (growth into second, respectively third, inoculation area). Serogroup A 
isolates were investigated at the National Institute of Public Health and the Environment
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(RIVM) in Bilthoven, The Netherlands, for T serotyping and M and exotoxin gene A 
and C typing.15
Data analysis- Associations were determined using odds ratios with 95% confidence 
intervals, computed by logistic regression analysis (SPSS 7.0, SPSS Inc. 1997, Chicago, 
USA). P<0.05 was considered significant. The following possible confounding baseline 
characteristics were examined in a bivariate model: age; sex; smoking habits; 
asthma/COPD or diabetes mellitus; a history of tonsillectomy; a documented history of 
pharyngitis in the previous 6 months; the number of household members; system of 
health care insurance (private or collective, as an indicator of the socioeconomic status); 
urbanization; absence from school or work; prior duration of pain; and degree of pain 
and impairment of daily activities. To adjust for confounders, baseline characteristics 
with a P-value<0.20 in the bivariate analysis were entered into a multivariate model, 
together with treatment allocation and the four streptococcus-related factors. These four 
factors were dichotomized as follows: (1)3+ colony counts versus <3+ colony counts; 
(2) T1M1 and T3M3 versus all other T/M subtypes; (3) speA exotoxin gene present 
versus absent; and (4) speC exotoxin gene present versus absent.
The multivariate logistic regression analyses tested the association between the 
streptococcus-related factors and the two endpoints [delayed recovery versus normal 
recovery (patients with a complication were excluded) and, in a separate analysis, 
complications versus normal recovery (patients with delayed recovery were excluded)]. 
A final multivariate logistic regression analysis tested the association between the 
streptococcus-related factors and a combination of the two endpoints.

5.4 Results

A total of 367 sore throat patients (53% of all 690 selected sore throat patients, mean 
age 25 years, SD 12 years) were included in this study because they had a throat swab 
positive for group A streptococci. Of these patients, 135 (37%) had a delayed recovery 
and 31 (8%) suffered from a streptococcal complication (26 had imminent quinsy, one 
full-blown quinsy, and one each scarlet fever, impetigo, erysipelas, and transient 
polyarthritis). Of the 367 patients, 117 were allocated to the 7-day penicillin treatment, 
119 to the 3-day penicillin treatment, and 131 to placebo. In the 7-day penicillin group, 
32 (27%) patients had a delayed recovery and 3 (3%) a streptococcal complication; the 
respective figures were 44 (37%) and 7 (6%) in the 3-day penicillin group, and 59 (45%) 
and 21 (16%) in the placebo group.
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Placebo treatment (P<0.001), increasing age (P<0.001), and a high initial grade of pain 
(P=0.01) were associated with a delayed recovery, while placebo treatment (P<0.001), 
increasing age (P=0.05), and a low number of household members (P=0.05) were 
associated with a streptococcal complication.
High colony-count streptococci were isolated in 329 (90%) patients; T1M1 was isolated 
in 15 (4%), T3M3 in 24 (7%), speA exotoxin gene in 90 (25%) and speC exotoxin gene 
in 217 (59%) patients. The speA exotoxin gene was isolated in all but one of the TIM1 
and T3M3 strains. Neither of these streptococcal characteristics were associated with a 
delayed recovery or a complication of group A streptococcal pharyngitis after adjustment 
for treatment allocation and the confounding baseline characteristics mentioned above 
(Table 5.1). The combination of both endpoints, delayed recovery and complications, 
resulted in similar findings.

Table 5.1 Association between characteristics of Streptococcus pyogenes and delayed recovery 
or streptococcal complication* in the course of an acute sore throat episode (Odds 
Ratios (OR) with 95% confidence intervals (95% Cl), N=367 patients).

Delayed recovery Streptococcal complication
Streptococcal
characteristics ORf (95% Cl) OR* (95% Cl)

3+ colony counts 0.59 (0.27-1.28) 2.63 (0.31-22.64)

T1M1 / T3M3 1.72 (0.65-4.53) 3.67 (0.54-25.09)

speA exotoxin gene 0.52 (0.26-1.03) 0.32 (0.07-1.43)

speC exotoxin gene 1.19 (0.70-2.00) 1.82 (0.69-4.78)

* delayed recovery: patient complained at day 5 of sore throat and/or impaired daily activities 
complication: patient had a broken treatment code due to a streptococcal complication with a 
worsening condition.

t Adjusted for treatment allocation, age, and initial grade of pain (the 31 patients with a 
complication were excluded)

± Adjusted for treatment allocation, age, and number of household members ( the 135 patients 
with a delayed recovery were excluded).

5.5 Discussion

No streptococcus-related factor was found to be associated with a delayed recovery or 
a complication in patients suffering from group A streptococcal pharyngitis. Although 
streptococcus-related factors apparently do not play a role in the pathogenesis of
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complicated streptococcal pharyngitis, they are important in invasive streptococcal 
disease. For example, in a nationwide surveillance of invasive streptococcal infections 
in The Netherlands,16 the prevalence of T1M1 and T3M3 subtypes was 48% in patients 
with streptococcal toxic shock syndrome and 21% in patients without the syndrome, 
while the prevalence of speA exotoxin gene was 59% and 33% and speC exotoxin gene 
34% and 48%, respectively. Analogous to this surveillance, T1M1 and T3M3 subtypes 
were isolated in 11% of patients with a superficial streptococcal infection (mainly in 
pharynx and skin) registered in 16 Dutch regional public health laboratories.16 We found 
the same prevalence of these subtypes in our sore throat population in the same period 
and in a well-defined area. Apparently, host-related factors play an important role in 
determining whether or not an infection with Streptococcus pyogenes will lead to 
invasive disease. This disease is often (32-75%) associated with an underlying disorder 
(e.g., diabetes mellitus, COPD, or malignancy) and usually occurs in an older age group 
than streptococcal pharyngitis.916,17
Our data contrast with the findings of two US studies. For example, the Ml type in 27% 
of the patients with group A streptococcal pharyngitis in Minnesota, USA, was the same 
as in the regional outbreak of 7 invasive streptococcal infections. Furthermore, 78% of 
the asymptomatic group A streptococci-positive children in one school carried the same 
Ml type.10 In a larger study in North Carolina, USA, 58% of all group A streptococci 
isolated from ambulatory patients with streptococcal pharyngitis had an Ml or M3 
serotype identical to 50% of the isolates detected in the emerging number of invasive 
streptococcal infections in the same period.9 Apparently, these two studies covered a 
well-defined geographical area in which the outbreak of invasive infections took place. 
Moreover, the mean age of the 96 patients with invasive infection in the latter study was 
27 years, which was much lower than in The Netherlands.16 No outbreak of invasive 
infections was recorded in our study area, in spite of the increasing incidence at the 
national level.
Our finding that increasing age was associated with either a delayed recovery or 
complication could be due to the fact that many children are carriers of group A 
streptococci, while suffering from nonstreptococcal pharyngitis. Furthermore, the natural 
course of bonafide streptococcal pharyngitis may be shorter in children than in adults. 
In conclusion, we found no molecular markers of group A beta-hemolytic streptococci 
when assessing the risk of a deterioration of group A streptococcal pharyngitis.
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"ƒ£ weet niet fwe de WereCd in ehl^aar zit, Onno, maar misschien is dat mijn kracht. Als je het mij 

Vraagt zit de Wereld helemaal niet in elkaar, net zo min als de inhoud van een Vuilnisbak,"

"I don’t know how the world works, Onno, but perhaps that’s my strength. If you ask. me, it 

doesn’t Work any nwre than thz contents of a dustbin Work"

from: dlarry ‘M.ulisch, “De ontdekking van de hemel, "De uitnodiging".
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6.1 Abstract

To test penicillin tolerance, group A streptococcal strains were selected at random from 
30 patients before treatment commenced and from 90 patients still carrying homologous 
streptococci after penicillin or placebo therapy. Bacterial tolerance to penicillin implies 
that penicillin has a bacteriostatic, but not a bactericidal effect. The clinical implication 
of this laboratory-based phenomenon with regard to the failure to eradicate Streptococcus 
pyogenes in patients with streptococcal pharyngitis is not yet clear. In this study, we 
hypothesized that we would find more tolerant strains in patients with bacteriological 
treatment failure, especially if penicillin was given for 7 instead of 3 days, than in 
randomly selected patients before the treatment started.
The hypotheses had to be rejected however, since the rates of tolerant strains before and 
after penicillin treatment were similar, irrespective of the duration of treatment. In 
conclusion, we did not find an association between penicillin tolerance and the failure 
to eradicate Streptococcus pyogenes when treating sore throat patients with penicillin for 
either 3 or 7 days.

6.2 Introduction

Beta-hemolytic streptococcus Lancefield group A, or Streptococcus pyogenes, can be 
isolated from approximately 20% of primary care patients with acute sore throat.1,2 One 
of the reasons to treat streptococcal pharyngitis is to reduce the risk of suppurative and 
nonsuppurative complications, such as quinsy and acute rheumatic fever, respectively. 
Penicillin is the drug of choice for such treatment.3 Nevertheless, some researchers 
advocate other antimicrobials in order to reduce bacterial treatment failures.4 
Furthermore, a short course of penicillin has been associated with such failure.5 There 
are also some bacteriological factors that may cause treatment failure, e.g., interference 
between alpha- and beta-hemolytic streptococci, beta-lactamase production by other 
microorganisms, and tolerance to penicillin.6 This latter factor is a laboratory-based 
phenomenon, that causes penicillin to act bacteriostatically instead of bactericidally 
against S. pyogenes.1 Although penicillin-resistant S. pyogenes strains have never been 
observed,8 penicillin-tolerant strains have been noted for many years. Their role in 
treatment failures, however, has been both advocated9 and denied.10,11 
In a recent penicillin-intervention trial, we found a 42% bacterial eradication rate in the 
3-day penicillin group and a 74% rate in the 7-day penicillin group.12 In the present
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study, we investigated whether penicillin tolerance played a role in the failure to 
eradicate S. pyogenes in these treatment groups and, if this was the case, whether the 
medium-term (7-day) treatment group had a higher rate of tolerant strains than the short
term (3-day) treatment group.

6.3 Patients and methods

A total of 55 general practitioners in the eastern part of The Netherlands participated in 
the study between 1994 and 1996. Out of 621 patients aged 10-60 years (mean 27 years, 
SD 10 years) who consulted their doctor because of an acute sore throat, 318 (51%) 
having a positive throat culture for group A streptococci were included. These patients 
were randomly allocated to one of three regimens: (1) penicillin V 500 mg tid for 7 
days; (2) penicillin V 500 mg tid for 3 days, followed by placebo capsules for 4 days; 
or (3) placebo 500 mg capsules tid for 7 days. Children <10 years were not included, 
because the carrier rate in this young group of patients is be high and could thus 
influence the results.1
Throat swabs were taken on the day of inclusion and 14 days later. Each throat swab 
was transported in a modified Stuart medium to the regional Laboratory for 
Microbiology and Infectious Diseases in Zwolle, The Netherlands, where it was rolled 
onto a 5% sheep blood plate and an ssA agar plate (Becton Dickinson, Leiden, The 
Netherlands). The agar plates were incubated anaerobically at 35°C for up to 48 h. 
Pinpoint catalase-negative beta-hemolytic colonies showing gram-positive cocci in chains 
were then serogrouped using Streptex (Murex Diagnostics, Utrecht, The Netherlands). 
Susceptibility of S. pyogenes to penicillin was tested using disk diffusion (Neosensitabs, 
Zutphen, The Netherlands). Each strain was stored at -85°C.
Pairs of pre- and posttreatment strains were compared using T serotyping and M 
genotyping at the National Institute of Public Health and the Environment (RIVM) in 
Bilthoven, The Netherlands.13 Only those patients with homologous pre- and 
posttreatment strains were selected for the analyses.
Penicillin tolerance tests were performed at the Leiden University Medical Center, 
Leiden, The Netherlands. A total of 30 pretreatment strains were selected at random in 
order to estimate the prevalence of penicillin-tolerant streptococci in the study 
population. Furthermore, all noneradicated strains with homologous pre- and 
posttreatment T/M types were collected from patients who took penicillin for 7 days and
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for 3 days, as was a random sample of 30 persisting strains from patients who took 
placebo.

Replication method
To induce tolerance, possibly lost by storage, the replication method described by van 
Asselt and Mouton7 was used. In short, overnight cultures on blood agar plates were 
transferred onto a penicillin gradient plate and, after incubation at 35 °C for 24 h, a 
stamp was pressed onto a replicate agar plate. After an additional incubation of 48 h, 
colonies located within the area on the replicate plate corresponding to the highest 
concentration on the penicillin-gradient plate were transferred to a new penicillin- 
gradient plate. This procedure was repeated 3 times to allow detection of growth after 
each transfer to the penicillin-gradient plate.

MIC/MBC determination by the Etest method
Tolerance to penicillin was assessed by MIC determination using an Etest (AB Biodisk, 
Solna, Sweden) filter assay on blood agar according to Sloos et al.'4 and by counting 
regrowing colonies after repetitive incubation. In short, a 0.2 pm polycarbonate 
membrane filter (Poretics, Livermore, USA) was placed into the middle of a blood agar 
plate. After inoculation of the filter with a bacterial suspension with a turbidity of 0.5 
McFarland (inoculum approximately 5xl07/ml), an Etest strip with penicillin was applied 
to the filter in a predetermined position. MICs were then read after incubation at 35 °C 
for 22 h. The Etest strip and filter were removed and the filter was placed on a fresh 
blood agar plate and incubated at room temperature for 2 hours in order to diffuse the 
penicillin out of the filter. The filter was again transported onto a fresh agar plate and 
incubated at 35 °C for 48 h. Colonies regrowing within the ellipse on the filter were 
counted.

Definition of penicillin tolerance
Replication and the Etest method were carried out in duplicate, resulting in four 
determinations for each isolate. Isolates were defined as highly tolerant if two or more 
determinations showed >10 regrowing colonies, moderately tolerant if at least three 
determinations showed 5-10 regrowing colonies, and not tolerant if at least three 
determinations showed <5 regrowing colonies. If the results of the four determinations 
did not fit the definitions used, they were defined as ’unclear’. A total of 10 known 
tolerant and nontolerant strains were used as controls.7
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Statistical analysis
Rates of highly tolerant and moderately tolerant strains before and after treatment were 
compared for each treatment group separately using the two-tailed Fisher’s exact test.

6.4 Results

Of the 102 patients who took penicillin for 7 days, 26 (25%) had a follow-up culture 
that was positive for S. pyogenes and 15 (15%) showed a T/M type that was similar to 
the pretreatment isolate. Of those who took penicillin for 3 days (n=104), the results 
were 62 (60%) and 45 (43%), respectively. A random selection of 30 isolates (27%) was 
taken from those who took placebo (n=l 12). A total of 13 pre- and posttreatment isolates 
could not be recultured after storage at -85 °C.
The rate of highly tolerant and moderately tolerant strains in group A streptococci
positive patients with sore throat was similar before and after therapy, irrespective of 
penicillin or placebo treatment (Table 6.1). No T/M type was significantly more 
prevalent among the highly tolerant and moderately tolerant strains than among the other

Table 6.1 Penicillin tolerant isolates before and after therapy (number, percentages).

Isolates before therapy Isolates after therapy

Random selection 7-day
penicillin

3-day
penicillin Placebo

Degree of tolerance* N (%) N (%) N (%) N (%)

High 8 (27) 3 (20) 10 (22) 7 (23)

Moderate 4 (13) 3 (20) 7 (16) 5 (17)

Absent 12 (40) 7 (47) 20 (44) 12 (40)

Unclear 6 (20) 2 (13) 8 (18) 6 (20)

Total 30 (100) 15 (100) 45 (100) 30 (100)

See ‘Patients and methods'.

strains, nor were tolerant strains concentrated in one or more communities.
The MICgo of penicillin was 0.012 pg/ml (range 0.0024-0.036), which was similar in 
both the pre- and posttreatment isolates. The 10 tolerant and nontolerant strains used as
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control demonstrated results similar to those seen in classical tolerance tests carried out 
earlier.7

6.5 Discussion

This study on pre- and posttreatment S. pyogenes isolates of pharyngitis patients did not 
produce evidence that penicillin tolerance played a role in the failure to eradicate group 
A beta-hemolytic streptococci. Nevertheless, roughly 20% of all strains found after 
penicillin treatment were penicillin-tolerant. The rates of penicillin tolerance in randomly 
selected pretreatment strains and in noneradicated posttreatment strains were similar, 
irrespective of the duration of penicillin therapy. The results of the control strains were 
reproducible.
To our knowledge, this is the first report of penicillin tolerance in S. pyogenes 
determined with an Etest filter assay. To date, this method has only been described for 
MBC determination.15 Although the Etest method is not yet validated for tolerance 
purposes, it proved to be a practical method to assess the rate of tolerant bacteria in a 
predefined population. More studies must be conducted to validate the Etest method for 
the determination of penicillin tolerance, since it can be easily performed in a clinical 
laboratory.
The results of our study support the conclusion of a recent review that the failure of 
penicillin treatment to eradicate S. pyogenes in sore throat patients cannot be explained 
by bacterial tolerance to penicillin.16
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In this study, we found the benefit for adult patients selected by clinical criteria and 
treated with penicillin for one week, to be more impressive (a 2-day acceleration of 
symptom resolution) than previously assumed (a 0.5-1-day acceleration). Now, we are 
faced with the key issue: what is the clinical relevance of 1 or 2 days for the patient? 
If the difference can be expressed in terms of sunshine and rain, ’24 little hours’ may 
be an important issue for the patient. The doctor, however, must decide whether the 
recorded benefits of a 7-day penicillin treatment outweigh the risks of, e.g., allergy to 
penicillin, dysbalance of the defensive mechanisms of the normal throat flora, tolerance 
to penicillin, and medicalization of a patient having a mostly self-limiting common 
disorder. We studied some of these potential risks, as well as the attitude of patients 
towards health and health care.
In this final chapter we will attempt to integrate our findings into the decision process 
that patients and doctors go through in everyday practice.

7.1 The diagnosis: What a difference a streptococcus makes?

The clinical relevance of the presence of beta-hemolytic streptococci in sore throat 
patients is discussed in this paragraph. Is the general practitioner helped when he or she 
knows these streptococci are present?
We found significant differences between sore throat patients and healthy controls with 
regard to the prevalence of group A streptococci. However, because 30% of the healthy 
children appeared to be carriers of group A streptococci, the presence of these bacteria 
in children had a low predictive value (roughly 45%) for true-positive streptococcal 
pharyngitis.Testing for group A streptococci in adults, on the other hand, made much 
more sense since their carrier percentage was only 6.5% (Table 2.2). We also found 
significant differences in high colony-count nongroup A streptococci between adult sore 
throat patients and healthy controls. In fact, high colony-count group C and group G 
streptococci were isolated and associated with active disease in 15% of all selected 
patients, and were, therefore, probably pathogenic (Table 2.4). The recorded effect of 
penicillin on symptom resolution in these patients corroborates our assumption on the 
pathogenicity of nongroup A streptococci (Table 3.3). Thus, until the newer strep antigen 
detection tests exceed a sensitivity of 90% and screen for group A and nongroup A 
streptococci, Dutch general practitioners are advised not to use them.
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Children
The diagnosis of bonafide streptococcal pharyngitis in children is much more difficult 
than in adults, because of the carrier problem and the more varied clinical picture of this 
infection in children. In the 1950s, an association was found between the increasing age 
of the child with group A streptococcal pharyngitis and the rate of correct diagnoses 
made by clinicians.1 Since then, Breese developed a 9-factor scale to predict the 
presence of group A streptococci,2 and recently, Schwartz tested an 8-factor scale.3 
Unfortunately, these authors did not take into account the number of colony counts. The 
association we found between high colony counts and active disease (Table 2.3a) is in 
line with earlier studies.4,5 Therefore, we advise the use of this characteristic when 
developing more reliable rapid antigen-detection tests.
Because of the poor predictive value of the presence of streptococci in children, we 
believe that other diagnostic fields should be explored in the future. For example, DNA 
analysis of streptococci might help researchers estimate whether or not these bacteria 
have markers of pathogenicity.6

Adults
Clinical criteria in adult sore throat patients are helpful in selecting those patients with 
a good chance of suffering from streptococcal pharyngitis. Our study did not focus on 
the predictive value of the Centor criteria, as they had already been validated in an 
earlier study.7 We simply used them conform the protocol for Dutch general 
practitioners.8 For adults. Center’s 4-factor scale seems to have a similar predictive 
value for the presence of group A streptococci (50-60%) as the 7-factor scale of 
Komaroff' and the 14-factor scale of Dobbs.10 In Scandinavian countries, 5-factor 
scales have been tested successfully; a fifth factor, enlarged or hyperemic tonsils, was 
added to Center’s 4 factors.11,12 Interestingly, the latter study was the only one we 
could find in the literature that incorporated group C and group G streptococci-positive 
throat cultures into the analyses.12 It turns out that the fewer items to be scored, the 
better the guidelines will be followed. This may have contributed to the finding from a 
survey of guidelines for 10 common diseases in The Netherlands, that showed that the 
’acute sore throat’ protocol was followed the best.13
Besides clinical criteria, there are a few other methods for distinguishing streptococcal 
from nonstreptococcal pharyngitis. One is a blood test for C-reactive protein (CRP), 
which shows higher values for bacterial infections than for viral ones. The adult patients 
with group A, C, or G streptococcal pharyngitis in a Finnish study showed higher CRP 
values than the streptococci-negative patients.14
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Another diagnostic instrument is the rapid antigen-detection test, discussed in paragraph 
1.3. The low sensitivity of the actual ’strep-tests’ may be seen as an advantage, if we 
are certain that only low or medium numbers of colony counts are missed. When 
interpreting throat cultures, a third method, although not recommended for daily practice 
because of the minimum 2-day interval between throat swabbing and culture result, we 
found that high colony counts of group A and nongroup A streptococci were strong 
predictors of bona fide streptococcal pharyngitis. New rapid strep-tests, with a high 
sensitivity and specificity to detect only high colony counts, are strongly recommended.

Looking back into history, one sees that the clinical picture of pharyngitis caused by 
group C and group G streptococci was described conscientiously, including serological 
responses, in the 1940s.15 Unfortunately, its clinical relevance has been underexposed 
ever since.
In conclusion, doctors are aided by diagnostic instruments that give them rapid and 
reliable information on the presence and pathogenicity of beta-hemolytic streptococci in 
sore throat patients, who have been selected for possible streptococcal pharyngitis by 
means of clinical criteria.

7.2 The treatment duration: What a difference 4 days make?

The pros and cons of the experimental 3-day, the standard 7-day, and the WHO-advised 
10-day penicillin treatment for streptococcal pharyngitis are discussed in this paragraph.

Clinical recovery
A 7-day penicillin regimen was much more effective than a 3-day regimen in terms of 
symptom resolution (Fig 3.2). Apparently, even if most symptoms vanish after 3 days, 
they can recur if the penicillin treatment is stopped. In Chapter 3, we assumed that a 3- 
day exposure to penicillin was too short for eradication and too long to prevent a 
penicillin-triggered reduction of the immune response. From in-vitro studies, it is known 
that subinhibitory concentrations of antibiotics may interfere with the process of host- 
microbe interactions, such as phagocytosis, adherence, and toxin production.16 Less is 
known, however, about the effect of ’subinhibitory duration’ of antimicrobial treatment 
on the immune response. A delayed start of this treatment may reduce the recurrence 
rate of streptococcal pharyngitis, probably because of immunological mechanisms.17 
This assumption is based on the chinchilla animal model, where ampicillin treatment for
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acute otitis media, another upper respiratory tract infection, appeared to interfere with 
the local middle-ear defense system18 and where significantly less recurrences were 
found in the chinchillas that were not immediately treated with ampicillin after 
inoculation with Streptococcus pneumoniae.

Peritonsillar abscess
The sample size of our study was too small to find statistically sound evidence that 
penicillin treatment prevented abscess development. Sufficient evidence was, however, 
collected in the 1950s (Paragraph 1.2). Nevertheless, we noted no abscesses in the 3-day 
penicillin group (N=194) compared to 3 abscesses in the placebo group (Chapter 3). 
Apparently, the critical period for abscess development lies in the first three days of the 
streptococcal pharyngitis treatment period.

Bacteriological recovery
As expected, group A streptococci were eradicated in many more patients who took 
penicillin for 7 days than in those who took it for 3 days (74% versus 42%, Table 3.4). 
For this reason alone, a short regimen of penicillin is not advisable in communities with 
a high prevalence of acute rheumatic fever. In Soweto (South Africa), for example, the 
prevalence of this disease was 700:100,000 inhabitants in the 1980s,19 compared with 
1 or 2:100,000 in The Netherlands. The WHO strongly recommends a 10-day course of 
penicillin for streptococcal pharyngitis patients in, for example, Soweto. Paradoxically, 
sick people in economically deprived communities usually only have enough money to 
buy a few capsules, which are widely available to the public, e.g. at bus-stops.20,21 In 
such a setting, a short treatment duration often leads to the inappropriate and frequent 
use of antibiotics. Remarkably, the 10-day recommendation is also given in well-to-do 
communities with adequate hygienic standards and an extremely low prevalence of 
rheumatic fever. In the USA, for example, all guidelines stick to the 10-day regimen, 
which is intended to eradicate all possible pathogenic streptococci.22,23 
In contrast to the few placebo-controlled penicillin-intervention trials, dozens of studies 
have been published on the eradication of Streptococcus pyogenes that compare 
penicillin with (shorter) regimens of new antimicrobials, notably the 
cephalosporins.24,25 However, since bacterial eradication can only be accomplished in 
up to 88-92% (never in 100%)24 of the patients, the aim of antimicrobial treatment 
should primarily be focused on clinical instead of bacterial recovery. Remarkably, a 
JAMA editorial, discussing the 7-day versus 10-day penicillin treatment, warned for 
’streptomania’ in immunocompetent sore throat patients.26 A 10-day course is advised
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in The Netherlands only for risk patients, like those living in closed communities or 
those with a history of rheumatic fever.8
Summarizing, thriving countries such as The Netherlands may recommend a 7-day 
penicillin treatment for the really ill, but immunocompetent patients. A 3-day course is 
too short to expect an acceleration of symptom resolution and not long enough to reduce 
the (extremely low) risk of rheumatic fever.

Compliance and adverse effects
A difference of 4 days of antimicrobial treatment means a lot to the patient, who 
frequently has difficulty in taking medicine when he/she is feeling better.27,28 In the 
1960s, for example, most Dutch patients did not complete the full 10-day penicillin 
course for streptococcal pharyngitis.29
In our study, abdominal pain and nausea were reported more frequently in the 3-day and 
7-day penicillin-treatment groups than in the placebo group; nevertheless, these adverse 
effects were the reason to stop medication in less than 1% of the patients. The risk of 
an allergic reaction to penicillin, a major adverse effect, was overestimated in the past, 
probably because data were used regarding intramuscular injection. The calculated risk 
of a mild reaction to oral penicillin in 1977 was 0.5% and of a serious reaction 
0.02%.30 During a two-year period in The Netherlands (15 million inhabitants), only 
2 patients had such a serious allergic reaction to oral penicillin that hospital admission 
was needed.31

In conclusion, a 7-day penicillin course for bonafide streptococcal pharyngitis is more 
effective than a 3-day penicillin course in terms of symptom resolution and bacterial 
eradication. The 10-day regimen, superior only in terms of bacterial eradication, is 
needed in immunocompromized persons, those with a history of rheumatic fever, and 
those having poor living conditions.

7.3 The symptom duration: What a difference 2 days make?

The relevance of a 2-day acceleration of symptom resolution is discussed in this 
paragraph with regard to the patient and the general practitioner.
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Measuring symptom resolution
Our finding that penicillin accelerated symptom resolution in adults by two days is 
unprecedented (Chapter 3). The five placebo-controlled penicillin-intervention trials in 
primary care mentioned in paragraph 1.5 showed other results. The Dutch study, for 
example, found a 1-day difference in the acceleration of symptom resolution in favour 
of penicillin.12 However, that study also included patients suffering from a sore throat 
for 8-14 days and used a different clinical endpoint: not only the complete disappearance 
of pain (item 1 on the 5-point Likert-scale), but also ’mild pain’ (item 2) were accepted 
as endpoints. In the Belgian study,11 the mean duration of pain was calculated in the 
61 evaluable penicillin-treated and the 70 placebo-treated patients (Lee-Desu statistics, 
difference 0.9 day), and not, as we did, the median duration of pain (Wilcoxon analysis). 
The number of group A-positive patients (N=280) gave more statistical power to our 
study, although this does not explain the difference in ’survival of pain’. The patients’ 
ages, a determinant of a prolonged course of sore throat (Table 4.3), did not differ 
significantly between the studies mentioned above (Table 1.2). The other three 
intervention trials, all carried out in England, studied small numbers of streptococci
positive patients (N=127, N=40, and N=32, respectively)34’35,36 and measured 
differences of symptom resolution only at day 3, without adjustment for potential 
confounders.
The recent update of the Cochrane systematic review of antibiotic-intervention trials on 
sore throat assessed a 0.5-1-day acceleration of symptom resolution in favour of 
penicillin.17 Compared with our study, there were important differences in several areas:
1) Study population: 12 of the 22 studies were performed in the 1940s and 1950s, 

8 of which in US-military populations. Of the 10 more recent studies, 4 were 
performed in a pediatric setting.

2) Design: Only 7 of the 22 studies were double-blind and placebo-controlled during 
the complete regimen.

3) Inclusion criteria: In 5 studies, patients were only included if their throat culture 
yielded group A streptococci. Vice versa, patients were excluded in 2 studies if 
they yielded a streptococci-positive culture.

4) Effect modification: The use of analgesics was prohibited in 4 studies. Therefore, 
the comparison of previous research with our study should be conducted with 
caution.
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Patient’s preference
A joint decision can be made when patients are adequately informed by the doctor about 
the risks and benefits of penicillin treatment.39 Essential for the outcome are the form 
and content of the doctor’s message.40,41 In North Carolina, for example, patients 
preferred to experience 1.5 days of pharyngitis symptoms rather than take a 5% chance 
of suffering a mild penicillin reaction.42 Notably, the real chance of a mild reaction is 
probably 10 times less than 5% (Paragraph 7.2). Interestingly, healthy subjects 
confronted with the same choice were more willing to risk the varying probabilities of 
a penicillin reaction. Receiving sick pay altered the willingness to take risks for healthy 
persons, but not for patients. Illness may, therefore, modify some aspects of risk-taking 
behaviour. This assumption may also explain the lack of contrast we observed in the 
health attitude of our study patients (Tables 4.2 and 4.3). In English children, ’avoidant 
coping’, as a factor of psychosocial stress, was associated with a longer duration of 
respiratory illness.43 In Sweden, adult sore throat patients, most of them with a 
streptococci-positive throat culture, showed a faster clinical recovery when they were 
informed in detail about diagnosis, treatment, and prognosis than routinely treated 
patients, irrespective of penicillin treatment.44
Apart from the factors mentioned above, penicillin can help reduce the duration of 
symptoms and thus the costs of being sick. The economic costs of a streptococcal 
pharyngitis episode of a Swedish child, for example, were calculated to be US $ 385 per 
day in 1994. Most of the costs (75%) could be explained by the loss of production by 
the parent.45 In modern Western society, where (leisure) time is scarce, two preventable 
days of illness are precious to both the employer and the employee.
In summary, doctors estimate the medical risks and benefits of penicillin treatment, 
while patients also put social, attitudinal, and financial factors on the scale.

Doctor’s preference
The doctor’s attitude towards health and disease largely determines the doctor’s 
assessment of the patient's benefit of a 2-day acceleration of symptom resolution. During 
the consultation of a sore throat patient, the general practitioner makes a cost-benefit 
analysis per continuum in order to decide on penicillin treatment. It has been found for 
all respiratory infections, that the more serious the perceived signs and symptoms, the 
longer the duration of the prescribed antimicrobial treatment.46 The general practitioner 
explores not only the signs and symptoms, but also the patient’s attitude and 
expectations.47 The general practitioner also weighs community-related factors, such as 
the perceived prevalence of ’strep throat’ in the community, local dangers of bacterial
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resistance to certain antibiotics, and economic costs (Paragraph 7.4). Interpreting national 
prescription rates, it turns out that Dutch general practitioners prescribe antimicrobials 
for upper respiratory tract infections, including pharyngitis, less often than their 
colleagues in other Western countries.48,49
Doctor-related factors are important, and often decisive, in the decision process to treat 
a patient with penicillin. In Australian general practice, for example, the doctor’s opinion 
about the patient’s expectations was the strongest determinant of prescribing.50 Belgian 
general practitioners with a defensive attitude had a greater tendency to prescribe 
antibiotics for respiratory problems.51 In Canada, the clinical picture was more 
influential than psychosocial factors in determining whether or not to prescribe 
antibiotics.52 Interdoctor variation with regard to the doctor’s attitude may have 
declined since the introduction of general practice vocational training.53 At any rate, it 
is often too difficult to separate patient- and doctor-related factors in daily practice. 
When asked for reasons of deviating from the national guidelines on the management 
of sore throat, Dutch general practitioners mentioned previous positive experience with 
penicillin and symptoms lasting for more than 5 days.54 However, are these factors 
related to the patient or to the doctor?
Regardless of the answer, general practitioners feel uncomfortable when prescribing 
’against the evidence’.41 In Canada, this feeling was reported by 81% of the interviewed 
doctors. Nevertheless, half of them stated that they would continue the penicillin 
medication even if the throat culture result was negative.55 ’Cough’ as a reason for 
encounter makes streptococcal pharyngitis less likely, yet this clinical sign did not 
influence the antimicrobial prescription rate for children with sore throat in The 
Netherlands.56 When English general practitioners were asked which drug categories 
made decisions on ’whether or not to prescribe’ difficult, 70% answered antibiotics 
versus 44% benzodiazepines, 19% sleeping tablets, and 9% cough medicines. With 
regard to discomfort-causing disorders, respiratory tract infections were more frequently 
mentioned (31%, sore throat 10%) than the other disorders, like psychiatric or skin 
problems.57

In conclusion, vocational training and clinical guidelines are important decision-support 
tools,58 especially when sore-throat scoring rules are used during the clinical 
encounter.59 It is clear that a wide variety of patient- and doctor-related factors play a 
role in the assessment of a 2-day acceleration of symptom resolution, and, consequently, 
in the decision whether or not to treat with penicillin.
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7.4 The community: What a difference the costs make?

The community always pays the price when someone falls sick. Treatment of the patient 
depends on the locally perceived severity of symptoms, risk of complications, and 
financial space.

Costs of illness
Medical decision making can help us to calculate the price of any decision made in the 
medical field. Two decision analyses of sore throat management were carried out in the 
1980s shortly after the introduction of the rapid antigen-detection tests, one for 
children60 and one for adults.61 Both assumed a 20% prior probability of group A 
streptococci in the patients consulting the doctor and a 1-day reduction of the mean 
duration of illness when treated with penicillin. The computation of losses resulting from 
complications differed between both studies. The first study used quality adjusted life 
days (QALD), the latter sick-day equivalents. For example, a peritonsillar abscess was 
calculated to be 2.1 QALD and 100 sick-day equivalents, respectively, and a mild 
penicillin reaction 2.1 QALD, and 15 sick-day equivalents, respectively. Nevertheless, 
both decision analyses concluded that the use of a rapid antigen-detection test was 
useful, even though the outcomes of the several strategies differed by only hundredths 
of QALD and tenths of sick-day equivalents, respectively.

Costs of management strategies
Implementation of the results of our study would have changed some of the above 
assumptions crucial for decision-making: the carrier rate in our group A streptococci
positive children with sore throat was not 30%60 but approximately 45%, and in our 
group A streptococci-positive adult patients not negligible61 but approximately 13% 
(Table 2.2). Furthermore, group C and G streptococci were probably pathogenic in more 
than 20% of our adult streptococci-positive patients (Chapters 2 and 3), but they would 
not have been detected with the antigen-detection test. Finally, the 2.5 day-reduction in 
the mean duration of illness in our group A streptococci-positive adults (Table 3.3) was 
profound.
In Finland, the economic costs of several management strategies were computed, 
including the costs of sick days for the parent of a sick child. Here, also, the use of a 
rapid antigen-detection test was found to be cost-effective.62
Irrespective of the assumptions of any decision-making process, the general practitioner 
is confronted with the prevention paradox.63 The possible short-term success by treating
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the patient with antibiotics will be followed by the -intangible- problem of bacterial 
resistance facing the patient’s environment. Although most doctors realize that 
prescribing antibiotics will increase their workload in the long term, they overprescribe 
in terms of evidence-based medicine.41 When interviewed, one general practitioner stated 
honestly ’My own view is that I don’t really care... your goal at the end of the 
conversation is for both you and the mother and the child to be satisfied’. Avoidance of 
the ’chagrin factor’ is an influential factor in decision-making for doctors.64

Cultural differences
The subject matter of the following two recent studies on sore-throat therapy illustrates 
that doctors may have completely opposite ideas about illness and treatment, partly based 
on cultural beliefs.65 A literature search in The Netherlands was performed on the 
effects of nondrug advices for pain relief.66 In contrast, US doctors tried to prove that 
pain relief was more effective if penicillin was combined with high-dose 
corticosteroids.67
In summary, a doctor’s conception of microbe function, infection, and the disease itself 
is decisive for the choices made in the consulting room, in research work, and thus in 
the community itself. Each community uses its own scale to calculate the costs of two 
additional days of pain in terms of personal suffering, risks of allergic reaction versus 
streptococcal complication, medicalization, sick leave, and bacterial resistance.

Costs of complications
Streptococcal pharyngitis is a common disease, although never lethal. Nevertheless, any 
streptococcal infection has the potential to turn into a life-threatening complication. 
Peritonsillar abscess, the most frequent streptococcal complication, is costly in terms of 
hospital treatment and sick days and can only be lethal in immunocompromized persons. 
Early in 1999, an overview of the mortality of all infectious diseases of the 20th century 
in the USA found that from 1980 to 1995 there was an increase from 36 to 63 deaths 
per 100,000, mainly due to AIDS-related infections in young adults and pneumonia and 
influenza in old adults.68 The authors warned doctors to remain vigilant for the threats 
posed by microbes, since there is no guarantee that future trends will be stable. The 
incidence of invasive streptococcal disease, which emerged in the early 1990s in the 
USA as well as in The Netherlands, has surpassed the incidence of acute rheumatic fever 
(Paragraph 1.2). However, no new evidence has been found to make general practitioners 
be less prudent in prescribing penicillin for streptococcal pharyngitis. The risk of life- 
threatening complications are negligible, especially in patients <40 years without
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underlying disease (>90% of the patients presenting with acute sore throat). We found 
that the prevalence of T/M types and exotoxin genes associated with invasive 
streptococcal disease was similar in both sore throat patients and healthy controls 
(Chapter 2) and also in streptococcal pharyngitis patients with either a normal or a 
prolonged or complicated course (Table 5.1). Apparently, for streptococcal pharyngitis 
to be endemic in the community studied, there was no overrepresentation of virulent 
streptococcal clones isolated in severely ill sore throat patients. Moreover, there is no 
evidence (yet) that the incidence of invasive streptococcal infections can be reduced by 
treating streptococcal pharyngitis with antibiotics. Of course, antibiotics must be 
prescribed in cases of a pharyngitis epidemic caused by a streptococcus serotype similar 
to the organism responsible for cases of invasive disease in the community.69 A recent 
national report in the USA, known for its tight standards of prevention and treatment of 
infections, concluded that no definite recommendations could be made with regard to 
antimicrobial prophylaxis among household contacts of patients with invasive 
streptococcal infection.70 In economically deprived countries, however, the WHO 
guidelines for acute respiratory infections may be so rigid in limiting the unnecessary 
use of antibiotics that they could pose a danger to many children at risk of acute 
rheumatic fever.71
In summary, the two potentially lethal complications of streptococcal pharyngitis, 
rheumatic fever and invasive streptococcal disease, have an extremely low incidence in 
the Western world. Furthermore, the majority of cases is not preceded by a sore throat 
episode. Therefore, previously healthy patients with streptococcal pharyngitis in Western 
communities do not need penicillin treatment in order to prevent the development of a 
lethal complication.

Costs of antimicrobial prescriptions
These days, many papers are being written about the huge prescription rate of antibiotics 
and its association with the emerging problem of bacterial resistance.77 73 
Approximately 20-50% of the world’s human use of antibiotics is said to be unnecessary 
compared with 40-80% of the agricultural use.74 The carriage rate of penicillin-resistant 
pneumococci in children has been clearly associated with the use of antibiotics in the 
preceding 4 months (Iceland 1996)75 and with low dosage and a treatment duration 
> 5 days (France 1998).76
Resistance of beta-hemolytic streptococci to penicillin has not yet been described in the 
literature. In our study, however, in-vitro tolerance to penicillin was noted (Table 6.1), 
although we could not find an association between this mechanism and clinical (Fig 2.2)
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and bacteriological (Table 3.4) treatment failures. In the region where we performed our 
study, the interdoctor variation with regard to the extramural antimicrobial prescription 
rate declined in the 1980s.77 Furthermore, the guidelines agreed to at the local level 
even reduced the antimicrobial prescription rate.78 In one Dutch city, however, the 
antimicrobial prescription rate for pharyngitis was 70:1,000 patients per year, which 
exceded the estimated incidence of pharyngitis in Dutch primary care (Paragraph 1.2).79 
That study was based on all antimicrobial prescriptions of 21 general practitioners, and 
retrospectively coupled with a diagnosis per prescription. Part of the difference could be 
explained by a local epidemic and by a different system of registration.80 Furthermore, 
the general practitioners in that city might have had a different attitude towards 
antimicrobial prescription than the general practitioners participating in the national 
study. In England, the overall increase in the number of prescriptions for antibiotics was 
46% in the 1980s, while in France and West Germany it was even higher.81 The overall 
level of antibiotic prescription in the USA was already higher than in Europe, and 
increased another 21% in the same period.82
Summarizing, the liberal use of antibiotics for common disorders like an acute sore 
throat may pose a danger to the community. Fortunately, bacterial resistance is a 
dynamic process and can be countered by a more prudent prescription behaviour. In 
Finland, for example, a national campaign to reduce the prescription of macrolide 
antibiotics resulted in a 43% reduction between 1992 to 199683 and a significant decline 
in the frequency of erythromycin resistance among group A streptococci isolated from 
throat swabs (from 17% to 9%). Apparently, strict guidelines and continuous education 
may contribute to the control of bacterial resistance in the community.

In conclusion, the doctor’s responsibility to the community is to weigh all relevant 
factors of prognosis, human behaviour, money, and ecology. Doctors and patients, 
however, are not helped with unbalanced statements on the presumptive 
inappropriateness of antibiotics in acute sore throat.84,85 In the further development of 
guidelines for doctors, we must incorporate measures of the quality of life and take into 
account how much patients care about the outcomes as well as the hazards and hassles 
imposed by the process of care.86 Information is the key word for the 21st century,87 
and should be as transmittable as an infectious disease itself.
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7.5 The research: What a difference this thesis makes?

Limitations of the study
Our study population was selected on the basis of clinical criteria, meaning that patients 
having little chance of being positive for beta-hemolytic streptococci were excluded. In 
contrast, some of the eligible patients (142/764) were too sick to be included and had 
to receive penicillin (Chapter 3). The first selection, based on the Dutch protocol for 
acute sore throat management, is a reflection of daily practice. The second selection, 
based on the clinical judgment of the participating general practitioners, is an important 
source of bias. These 142 patients (19%) had a higher number of clinical criteria and 
probably more often a high colony-count streptococci-positive throat swab. If these 142 
patients had participated, the effects of the 7-day penicillin treatment might have been 
even more pronounced. Throat swab results from this patient group would have given 
additional value to the markers of streptococci studied in Chapters 2 and 5. Nevertheless, 
we did not insist on throat swabs from the excluded patient groups, because asking for 
such an additional effort from the participating general practitioners might have deterred 
them from including the record number of 690 patients.
Comparing the populations studied in Chapters 3 and 4, it can be seen that the effects 
of penicillin were not analyzed in detail for the 129 included children. This will be done 
in the near future. The children were not incorporated in Chapter 3, because the clinical 
picture of their sore throat is different, the inclusion criteria are different, and their 
number was much smaller compared with adult sore throat patients.
As for penicillin tolerance (Chapter 6), the relevance of this laboratory-based 
phenomenon for daily practice is still under debate. Nevertheless, we believe the results 
of our study can contribute to this debate.

Recommendations for daily practice
The results of this study support the (revised) Dutch guidelines for the management of 
acute sore throat. The Center criteria have proven to be a useful diagnostic tool in 
selecting streptococci-positive adult patients. The actual rapid antigen-detection test kits 
do not have sufficient additional value for implementation on a large scale in Dutch 
primary care. In The Netherlands, acute rheumatic fever and invasive streptococcal 
infection, the two most relevant nonsuppurative poststreptococcal complications, are not 
reasons for prescribing penicillin to each patient suspected of having streptococcal 
pharyngitis. The risk of developing a peritonsillar abscess, however, is much more 
relevant in daily practice. Penicillin V is still an effective medicine for streptococcal
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pharyngitis and, to date, no resistance has been reported. Furthermore, the adverse effects 
are mild when compared with other antibiotics.
In summary, patients with probable streptococcal pharyngitis should be adequately 
informed about both the risks of penicillin treatment and the benefits of a 1.0-2.5-day 
acceleration of symptom resolution, including the reduced chance of developing an 
abscess. Penicillin treatment should be reserved for those children and adults, who are 
really ill and severely limited in their daily activities. Patients not fulfilling the number 
of clinical criteria (Figure 7.1) sufficient for penicillin treatment should be asked to 
return in case of deterioration. Time remains a valuable instrument for the general 
practitioner, whose main task is to assess and re-assess prognoses, each and every day.

Recommendations for further research
Further study of acute sore throat is needed in three areas:
1) Diagnosis of bonafide streptococcal pharyngitis.

- DNA analysis of group A beta-hemolytic streptococci isolated in children in 
order to find markers of pathogenicity or carriership, respectively.

- Value of clinical features (notably the Center criteria) in adults in order to 
predict group C and group G streptococcal pharyngitis.

- Development of a new rapid antigen-detection test, for the detection of high 
colony-count group A and nongroup A beta-hemolytic streptococci.

2) Quality of life.
- Impact of acute pain in a sore throat episode on the quality of life.

3) Treatment of recurrent streptococcal pharyngitis.
- Effect of inhibitory a-streptococci per nasal spray preceded by a 10-day

penicillin regimen.
- Effect of a penicillin/rifampicin or a amoxicillin/clavulanate combination as an 

alternative to repeated penicillin treatment or even tonsillectomy.
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Figure 7.1 Algorithm for penicillin treatment for acute sore throat in primary care.

Acute sore throat

(future group A/C/G 
strep-test)

(future group A 
strep-test)

symptomaticsymptomatic penicillin 7 days

>2 Centor criteria

penicillin 7 days

>3 Centor criteria

Severely ill or 
impaired

4-14 yrs

severely ill or 
impaired

>15 yrs

penicillin 10 days

- recurrent strep-throat
- immunocompromized
- history of rheumatic fever
- local epidemic of strep 

disease

- history of fever (> 38.5 °C)
- absence of cough
- anterior cervical lymphadenopathy
- (tonsillar) exsudate

’ Centor criteria:
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Aim- The aim of this study was to assess the effects of a standard 7-day and a short 
3-day penicillin treatment in sore throat patients, especially in those with a throat 
culture positive for beta-hemolytic streptococci. Since patients may carry streptococci 
while suffering from a nonstreptococcal pharyngitis, the prevalence rates of beta- 
hemolytic streptococci in patients and asymptomatic controls were compared.
We also assessed the influence of several beta-hemolytic streptococci characteristics 
(number of colony counts, Lancefield serogroups, T/M types, and genes encoding for 
exotoxin production) on the course of streptococcal pharyngitis. Furthermore, the 
bacterial tolerance for penicillin was tested to find an association with the failure to 
eradicate streptococci.
Streptococcus-related and host-related factors were explored in terms of potential 
association with disease (case versus control) and with deterioration (normal versus 
abnormal course) of sore throat.
Patient selection- From autumn 1994 until summer 1996, 55 general practitioners in 
the Zwolle/Kampen area recruited all patients (4-60 years) with signs and symptoms 
of an acute (<7days) sore throat. Of the 1391 patients complaining of acute sore 
throat, 279 (20%) had insufficient clinical criteria to justify inclusion: adults had to 
fulfill at least three of the four criteria elaborated by Center et al. (history of fever, 
absence of cough, anterior cervical lymphadenopathy, and (tonsillar) exudate). Since 
these criteria are less sensitive in children, a minimum of two were required in the 4- 
14-year age group. Another 170 patients (12%) were excluded because antibiotic 
treatment had been given in the preceding 14 days or because the patient had 
penicillin intolerance, an imminent peritonsillar abscess, or co-morbidity requiring 
antibiotics. A total of 252 (18%) patients were not able or willing to participate. 
Consequently, 690 patients were randomly allocated to treatment with either 
penicillin V for 7 days, penicillin V for 3 days followed by placebo for 4 days, or 
placebo for 7 days. Analgesics were supplied to all patients to be used on demand. 
Baseline characteristics- Age, sex, smoking habits, asthma/COPD or diabetes 
mellitus, a history of tonsillectomy, the number of household members, system of 
health care insurance, and urbanization were recorded. Furthermore, the number of 
episodes of pharyngitis and other upper respiratory tract infections, as diagnosed by 
the general practitioner in the previous 6 months, was registered. After recovery, 
patients filled in a personal health attitude questionnaire.
Clinical follow-up- Patients kept a diary during the 7-day medication period. Each 
night, they recorded the degree of throat complaints, the degree of impairment of
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daily activities (both on a five-point categorical scale), oral temperature, and whether 
analgesics were used.
After 2, 4, and 6 months, patients were interviewed by telephone to assess recurrent 
episodes of sore throat or other upper respiratory tract infections. After 6 months, the 
general practitioner recorded the total number of encounters with the patient as well 
as the reason for encounter.
Bacteriological follow-up- Duplicate throat swabs were taken by the general 
practitioner before treatment and 14 days later. Each sample was transported in a 
modified Stuart medium and, at the laboratory, rolled onto 5% sheep blood agar and 
an ssA agar plate. The agar plates were incubated anaerobically at 35°C for up to 48 
hours. Pinpoint catalase-negative beta-hemolytic colonies showing gram-positive 
cocci in chains were serogrouped. Each strain was stored at -85 °C before being tested 
for T/M typing at the National Institute of Public Health and the Environment 
(RIVM), Bilthoven, and for penicillin tolerance tests at the Leiden University 
Medical Center.

A general overview of the subject matter is presented in Chapter 1. The incidence 
and pathogenesis of sore throat in the general population and patients attending their 
doctor are described and the clinical relevance of complications of streptococcal 
pharyngitis, like quinsy, acute rheumatic fever, and glomerulonephritis is discussed. 
Special attention is given to invasive streptococcal infections, an increasing and often 
fatal disease in the Western world, and to the difficulties in predicting bona fide 
streptococcal pharyngitis from clinical signs and symptoms of a sore throat patient. 
Since children and adults need different diagnostic procedures, the pros and cons of 
several rapid antigen detection tests are discussed. This chapter also gives an 
overview of studies on the prevalence of beta-hemolytic streptococci in asymptomatic 
persons and in sore throat patients and analyzes earlier studies with regard to the 
influence of antibiotics on the course of streptococcal pharyngitis and on the 
complication rate.

Chapter 2 describes a case-control study that was conducted to discover whether 
three markers of beta-hemolytic streptococci (a high number of colony counts, 
specific T/M types, and exotoxin genes speA. and speC) are associated with sore 
throat patients. Throat swabs were taken from 663 sore throat patients and 694 
healthy controls. Eighty percent of the patients and 40% of the controls had beta- 
hemolytic streptococci-positive cultures. When focusing on cultures with high colony
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counts, not only group A (46%), but also nongroup A streptococci (20%) 
predominated significantly in adult patients compared with controls. In contrast, no 
T/M or exotoxin gene type was significantly more prevalent in patients than in 
controls. Tonsillectomy appeared to protect not only against sore throat, but also 
against asymptomatic colonization by beta-hemolytic streptococci.
Thus, semi-quantitative analysis, but not T/M and exotoxin gene typing, was helpful 
in predicting an association between beta-hemolytic streptococci and active disease. 
Not only
group A, but also group C and group G streptococci were found to be potentially 
pathogenic in sore throat patients and should be included in the discussion on the use 
of rapid antigen detection tests and penicillin treatment in primary care.

Chapter 3 presents the results of a randomized placebo-controlled trial of penicillin 
treatment for 7 days, for 3 days, and for 0 days in adult patients with acute sore 
throat. We hypothesized that a short 3-day course of penicillin would accelerate 
clinical recovery and prevent suppurative complications, while limiting the 
disadvantages of the traditional 7-10 day course (e.g., adverse effects, low 
compliance, and possible induction of penicillin tolerance). A total of 561 patients, 
aged 15-44 years, fulfilled at least three of the four Centor criteria. Patients were 
assessed in the first week (symptom resolution), after 2 weeks (bacteriological 
eradication), and after 2, 4, and 6 months (recurrences of sore throat or any other 
upper respiratory tract infection). We found that sore throat symptoms resolved 1.9 
respectively 1.7 days earlier in patients taking penicillin for 7 days than in the 3-day 
penicillin and placebo groups.
Symptoms resolved 2.5 days earlier in patients with group A streptococci. 
Interestingly, this figure was 1.3 days in patients with high colony counts of 
nongroup A streptococci. A total of 23 patients (13%) was withdrawn from the 
placebo group because of clinical deterioration, including 3 peritonsillar abscesses. 
Sore throat recurred more often in the 3-day penicillin group than in the other 
treatment groups. We concluded that a 7-day, and not a 3-day, penicillin treatment 
was superior to placebo in patients with group A and with nongroup A streptococcal 
pharyngitis.

A study on the assessment of prognostic factors for an abnormal course of an acute 
sore throat episode, independent of penicillin treatment, is described in Chapter 4. A 
total of 690 sore throat patients were selected for this study. An abnormal course was
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attributed to those patients who still had pain or serious impairment of daily activities 
at day 5 and/or a broken treatment code because of deterioration or complication. All 
baseline characteristics, including three attitudinal factors (internal and external locus- 
of-control and self-efficacy in minor ailments) were considered possible determinants 
of deterioration and were entered into a bivariate Cox regression analysis. All factors 
suggesting a minimum grade of association (P<0.20) were then entered into a 
multivariate model. From this analysis, three independent determinants of an 
abnormal course of sore throat were found (P<0.05): increasing age; high initial 
impairment of daily activities; and a throat culture negative for high colony-count 
group A, C, or G streptococci. With regard to the decision whether or not to give 
penicillin treatment to sore throat patients selected by the Center criteria, we 
recommend that only the first two factors (age and impaired daily activities) be taken 
into account. The last prognostic factor suggests that nonstreptococcal infections may 
last longer than streptococcal infections in the patient group we selected.

Chapter 5 describes the influence of streptococcus-related factors on the prevalence 
of delayed recovery and complications in group A streptococcal pharyngitis. A total 
of 367 sore throat patients with a throat culture positive for group A beta-hemolytic 
streptococci were included. Of these, 135 (37%) still had a sore throat or seriously 
impaired daily activities at day 5 and 31 (8%) developed a complication. We 
expected to find a higher rate of high colony counts and a higher rate of factors 
associated with virulence in invasive streptococcal disease, such as T1M1 and T3M3 
subtypes, as well as genes encoding for exotoxin A and exotoxin C production in the 
subgroups with delayed recovery and complication. Using a multivariate logistic 
regression analysis, we could not find an association between these possible markers 
of streptococcal virulence and a delayed recovery or complications in group A 
streptococcal pharyngitis.

Our study on penicillin tolerance is discussed in Chapter 6. Group A streptococcal 
strains were selected at random from 30 patients before treatment commenced and 
from 90 patients still carrying homologous streptococci after penicillin or placebo 
therapy. Bacterial tolerance to penicillin implies that penicillin has a bacteriostatic, 
but not a bactericidal effect. The clinical implication of this laboratory-based 
phenomenon with regard to the failure to eradicate Streptococcus pyogenes in patients 
with streptococcal pharyngitis is not yet clear. In this study, we hypothesized that we 
would find more tolerant strains in patients with bacteriological treatment failure,
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especially if penicillin was given for 7 instead of 3 days, than in randomly selected 
patients before the treatment started. The hypotheses had to be rejected, however, 
since the rates of tolerant strains before and after penicillin treatment were similar, 
irrespective of the duration of treatment. In conclusion, we did not find an association 
between penicillin tolerance and the failure to eradicate Streptococcus pyogenes when 
treating sore throat patients with penicillin for either 3 or 7 days.

Chapter 7 reviews the results of this study in the light of the relevant literature on 
the management of acute sore throat. The risks and benefits of penicillin treatment 
are described, as is their impact on the prescription behaviour of general practitioners 
and on patients' preferences. The consequences of prescribing antibiotics are 
discussed in terms of short-term effects for the patient (symptom resolution, adverse 
effects of penicillin, probability of complications, economic costs) and long-term 
effects for the community (medicalization, bacterial resistance). This chapter 
concludes with a proposal for the management of sore throat in general practice and 
with suggestions for further research.
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Doelstelling- Het doel van dit proefschrift was de placebo-gecontroleerde bestudering 

van de effecten van een standaard 7-daagse en een experimentele 3-daagse 

penicillinekuur bij keelpijnpatiënten in de huisartspraktijk. De patiënten met een 

keelkweek positief voor beta-hemolytische Streptokokken kregen speciale aandacht. 
Deze patiënten kunnen drager zijn van de Streptokokken, terwijl ze niet ziek zijn van 

deze bacteriën, maar van een -moeilijker vast te stellen- virus. Daarom werd de 

prevalentie en groeidichtheid van beta-hemolytische Streptokokken bij patiënten 

vergeleken met die van personen zonder keel- of andere luchtweg-klachten. Tevens 

bestudeerden we de invloed van verschillende karakteristieken van de Streptokokken 

(serogroepen, T/M types en exotoxine genen) op het beloop van een streptokokken- 
keelinfectie. Tot slot werd de tolerantie van deze bacteriën voor penicilline 

onderzocht, met name bij die Streptokokken die de penicillinekuur overleefden.

Selectie van patiënten- Van de herfst 1994 tot de zomer 1996 recruteerden 55 
huisartsen in de regio Zwolle/Kampen alle patiënten van 4 tot 60 jaar met een acute 
(<7 dagen) keelontsteking. Van de 1391 patiënten met acute keelpijn voldeden 279 
(20%) niet aan de insluitcriteria. Volwassenen moesten voldoen aan minstens 3 van 
de 4 criteria, genoemd in de standaard ’Acute keelpijn’ van het Nederlands 
Huisartsengenootschap NHG, en ontwikkeld door Centor et al. (recente koorts, 
afwezigheid van hoest, (tonsillair) exsudaat en gezwollen voorste halsklieren). Omdat 
deze criteria minder onderscheidend zijn bij kinderen (4 t/m 14 jaar), behoefden zij 
slechts aan 2 criteria te voldoen. Verder werden 170 patiënten (12%) uitgesloten 
omdat ze met antibiotica waren behandeld in de voorafgaande 2 weken, of omdat ze 
allergisch waren voor penicilline, een abces dreigden te ontwikkelen, of omdat 
bijkomende ziektes antibiotische behandeling nodig maakten. 252 patiënten (18%) 
konden of wilden niet meedoen.
Dientengevolge werden 690 patiënten aselect verdeeld over 3 behandelgroepen, (1) 
penicilline gedurende 7 dagen, (2) penicilline gedurende 3 dagen gevolgd door 4 

dagen placebo, en (3) placebo gedurende 7 dagen. Tevens werden pijnstillers 

verstrekt, om bij pijn en/of koorts te gebruiken.

Onaflianke lijke variabelen- Leeftijd, geslacht, rookgewoonten, co-morbiditeit 
(astma/COPD en diabetes mellitus), tonsillectomie in de voorgeschiedenis, aantal 
huisgenoten, type verzekering (ziekenfonds of particulier) en verstedelijking 
(woonplaats >30.000 inwoners) werden geregistreerd; tevens het aantal bij de huisarts 
bekende infecties van de keel of andere bovenste luchtwegen in de voorafgaande 6
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maanden. Na herstel vulden patiënten een vragenlijst in over hun houding ten aanzien 
van ziekte en gezondheid.

Klinisch beloop- Patiënten vulden gedurende 7 avonden een dagboek in. Ze 
registreerden de ernst van de keelpijn en van hun beperkingen in het dagelijks leven 
(beide op een 5-punts schaal), de lichaamstemperatuur en het gebruik van pijnstillers. 
Na 2, 4 en 6 maanden werd de patiënten telefonisch gevraagd naar bovenste- 
luchtwegklachten, met name keelpijn. Na 6 maanden registreerde de huisarts aantal 
en aard van de vervolg-contacten met elke patiënt.

Bacteriologisch beloop- Per patiënt werden achtereenvolgens 2 identieke keelstrijken 
afgenomen, en opnieuw na 14 dagen. Elke keelwat werd verzonden in een 
gemodificeerd Stuart medium naar het Zwolse Laboratorium voor Medische 
Microbiologie en Infectieziekten, alwaar de wattenstok werd uitgestreken over 2 
verschillende agarplaten (5% schapenbloed en ssA). Deze platen werden anaëroob 
geïncubeerd bij 35 °C, en na 24 en 48 uur afgelezen. Van catalase-negatieve beta- 
hemolytische kolonies die gram-positieve kokken in ketens lieten zien, werd de 
Lancefield serogroep bepaald. Elke stam werd ingevroren bij -85 °C voor verdere 
typering op het RIVM te Bilthoven en voor penicilline-tolerantie testen in het Leids 
Universitair Medisch Centrum.

Hoofdstuk 1 geeft een algemeen overzicht van het onderwerp. Incidentie en 
pathogenese van acute keelpijn worden beschreven in de open populatie en bij 
patiënten die hun dokter bezoeken. De klinische relevantie van complicaties van een 
streptokokken-keelinfectie wordt aangegeven, zoals een keelabces, acuut reuma en 
glomerulonefritis. Invasieve streptokokkeninfecties krijgen speciale aandacht, wegens 
de incidentie die recent is toegenomen in de westerse wereld, en wegens hun soms 
dodelijke gevolgen.
Verder worden de moeilijkheden beschreven om een bona fide streptokokken-infectie 
aan te tonen bij een patiënt met acute keelpijn. Als een beta-hemolytische streptokok 
uit de keel wordt gekweekt, is het onzeker of deze pathogeen is, met name bij 
kinderen. De voor- en nadelen van de ’strep-test’, een test die binnen enkele minuten 
streptokokken-antigeen kan aantonen via een keelstrijkje, worden besproken. Studies 
naar de prevalentie van beta-hemolytische Streptokokken bij gezonde en zieke mensen 
in verschillende landen worden op een rij gezet. Tenslotte passeren interventiestudies
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de revue, die het effect van antibiotica op het beloop van een keelinfectie 
analyseerden.

In hoofdstuk 2 wordt een ’case-control’ studie beschreven, een vergelijking tussen 
zieken (mensen met acute keelpijn) en gezonden, met betrekking tot bepaalde 
kenmerken van Streptokokken (groeidichtheid, specifieke T/M types en genen 
coderend voor de productie van exotoxine A en exotoxine C). Keelstrijkjes werden 
genomen van 663 keelpijnpatiënten en 694 gezonde personen van 4 t/m 44 jaar.
80% van de patiënten en 40% van de gezonde personen hadden een keelkweek 
positief voor beta-hemolytische Streptokokken. Groep A Streptokokken, maar ook 
hoge kiemgetallen van niet-groep A Streptokokken, kwamen significant vaker voor bij 
zieken dan bij gezonden. Een significant hogere prevalentie werd echter bij geen 
enkel T/M type of exotoxine gen geconstateerd. Verder bleek een voorgeschiedenis 
van tonsillectomie vaker bij gezonden dan bij zieken voor te komen, en vaker bij 
gezonden met een negatieve keelkweek dan bij gezonden met een kweek positief 
voor beta-hemolytische Streptokokken.
Kortom, semiquantitatieve analyse hielp wel, en T/M- en exotoxine-typering hielpen 
niet, om een associatie tussen beta-hemolytische Streptokokken en acute keelpijn te 
voorspellen. Niet alleen groep A, maar ook groep C en groep G Streptokokken bleken 
potentieel pathogeen te zijn bij volwassen keelpijnpatiënten, en zouden daarom 
betrokken moeten worden in de discussie over het gebruik van de ’strep-test’ en de 
behandeling met penicilline in de huisartspraktijk.

De resultaten van een gerandomiseerde en placebo-gecontroleerde interventiestudie 
met een penicillinekuur gedurende 7 dagen, 3 dagen, of 0 dagen voor volwassen 
keelpijnpatiënten worden in hoofdstuk 3 gepresenteerd. We veronderstelden dat een 
korte 3-daagse kuur het klinisch herstel zou bespoedigen en purulente complicaties 
zou voorkomen, terwijl het de nadelen van een traditionele 7-daagse (in Nederland) 
of 10-daagse (in het buitenland) kuur, zoals bijwerkingen, geringe therapietrouw, 
mogelijke ontwikkeling van resistentie, zou beperken. In totaal 561 patiënten, 15 t/m 
44 jaar oud, werden ingesloten volgens de eerder genoemde procedure. De patiënten 
werden vervolgd in de eerste week (klinisch herstel), na 2 weken (bacteriologische 
eradicatie) en na 2, 4 en 6 maanden (recidieven van keelpijn of andere bovenste- 
luchtwegklachten).
We vonden dat keelpijn 1.9 respectievelijk 1.7 dagen eerder verdween in de 7-daagse 
penicilline groep dan in de 3-daagse en placebo-groep. Voor patiënten met groep A
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Streptokokken bedroeg dit verschil 2.5 dagen, voor diegenen met niet-groep A 
Streptokokken (in hoge groeidichtheid) 1.3 dagen. 23 placebo-behandelde patiënten 
(13%) vielen uit wegens klinische verslechtering, 3 van hen ontwikkelden een 
peritonsillair abces. Keelpijn recidiveerde vaker na een 3-daagse penicillinekuur, dan 
na 7 dagen penicilline of placebo.
De conclusie is dat een 7-daagse, en niet een 3-daagse, penicilline behandeling 
superieur was aan placebo voor volwassen keelpijnpatiënten met groep A, maar ook 
met niet-groep A Streptokokken.

In hoofdstuk 4 wordt een studie gepresenteerd naar de prognostische factoren die een 
abnormaal beloop van een keelpijnepisode voorspellen bij 690 kinderen en 
volwassenen. Per definitie hadden die patiënten een abnormaal beloop welke op dag 
5 nog keelpijn hadden of ernstig beperkt waren in hun dagelijkse activiteiten, en 
diegenen die uitvielen wegens een klinische verslechtering of complicatie. Alle 
onafhankelijke variabelen gemeten op dag 1, alsmede drie gezondheidsattitude 
factoren (interne en externe beheersingsoriëntatie en zelfredzaamheid bij kleine 
kwalen) werden beschouwd als mogelijke determinanten van een abnormaal beloop. 
De factoren die in de bivariate Cox regressieanalyse een minimale mate van 
associatie suggereerden (P<0.20) werden vervolgens in een multivariaat model 
geanalyseerd. In deze analyse werden drie determinanten (P<0.05) van een abnormaal 
verlopende keelpijnepisode gevonden: toenemende leeftijd, aanvankelijk ernstig 
beperkte dagelijkse activiteiten, en een keelkweek negatief voor hoge groeidichtheden 
van groep A, C of G Streptokokken.
De eerste 2 determinanten zijn ons inziens van belang bij de afweging om 
keelpijnpatiënten te handelen met penicilline. De derde determinant, een negatieve 
kweek, veronderstelt dat virale keelinfecties langer duren dan streptokokken-infecties, 
althans in de geselecteerde patiëntenpopulatie.

In hoofdstuk 5 wordt de invloed van streptokok-gerelateerde factoren op het 
vóórkomen van een vertraagd herstel en op complicaties van een keelinfectie 
beschreven, bij 367 patiënten met een keelkweek positief voor groep A 
Streptokokken. Van deze patiënten hadden 135 (37%) nog keelpijn of ernstig beperkte 
dagelijkse activiteiten op dag 5, en 31 (8%) ontwikkelde een complicatie. We 
verwachtten in deze 2 patiëntengroepen een hogere groeidichtheid te zien dan bij 
patiënten met een normaal verlopende keelpijnepisode, en tevens een hogere 
prevalentie van factoren die met virulentie geassociëerd zijn (vastgesteld in andere
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studies, bij patiënten met invasieve streptokokken-infecties), zoals de TIM 1 en T3M3 
subtypes en genen die coderen voor productie van de exotoxines A en C. De 
multivariate regressieanalyse vond echter geen associatie tussen bovengenoemde 
mogelijke determinanten van virulentie enerzijds en een vertraagd herstel of 
complicaties van groep-A positieve keelinfecties anderzijds.

In hoofdstuk 6 wordt de rol van penicilline-tolerantie bestudeerd. Via een aselecte 
steekproef werden 30 stammen onderzocht van groep A Streptokokken, geïsoleerd bij 
patiënten voor de start van behandeling, en tevens 90 homologe stammen geïsoleerd 
bij patiënten na behandeling met penicilline of placebo. Bacteriële tolerantie voor 
penicilline betekent dat penicilline een bacteriostatisch en geen bactericide effect laat 
zien, wanneer bacteriën met penicilline in contact komen op een voedingsbodem. Of 
dit in vitro fenomeen ook klinische relevantie heeft is vooralsnog onduidelijk.
In deze studie werd verondersteld dat meer tolerante stammen gevonden zouden 
worden bij patiënten met therapiefalen, in sterkere mate na een 7-daagse dan na een 
3-daagse penicillinekuur, dan bij de aselecte steekproef van patiënten voor de start 
van behandeling.
Deze hypothese moest echter worden verworpen, omdat het percentage tolerante 
stammen in alle behandelgroepen identiek was, zowel voor als na behandeling. 
Klaarblijkelijk speelde penicilline-tolerantie geen rol bij het falen van penicilline om 
groep A Streptokokken uit te roeien bij keelinfecties, ongeacht de duur van de kuur.

De resultaten van bovenstaande studies worden in hoofdstuk 7 belicht vanuit de 
relevante literatuur en gerelateerd aan het beleid bij acute keelpijn. De voor- en 
nadelen van penicillinebehandeling worden beschreven, alsmede hun invloed op de 
voorkeur van de patiënt en op het voorschrijfgedrag van de huisarts. De gevolgen van 
het voorschrijven van antibiotica worden besproken, voor de korte termijn (klinisch 
herstel, kans op complicaties, bijwerkingen, kosten) en voor de lange termijn 
(medicalisering en ontwikkeling van bacteriële resistentie). Dit hoofdstuk besluit met 
een voorstel voor het beleid van acute keelpijn in de huisartspraktijk en met 
aanbevelingen voor verder onderzoek.
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Appendix 1 (Nederlands) Keelpijn onderzoek

regio Zwolle ^

Informatie over het keelpijnonderzoek regio Zwolle

Geachte mevrouw, mijnheer,

U bent vandaag met keelpijn naar de dokter gegaan, voor u zelf of voor uw kind.
Er zijn veel onduidelijkheden omtrent de behandeling van keelontsteking. Uw huisarts doet mee aan 
een onderzoek om vast te stellen wat de beste behandeling is. Het ondezoek wordt gecoördineerd 
door dokter S. Zwart, huisarts te Kampen.
Via deze brief willen we u uitleggen waarom dit onderzoek belangrijk is en wat deelname aan dit 
onderzoek voor u betekent.

Waarom dit onderzoek?
Meestal wordt een keelontsteking veroorzaakt door een virus. Medicijnen versnellen de genezing van 
deze ontsteking niet. Soms is een bacterie de oorzaak van de keelontsteking. Zo’n ontsteking wordt 
ook wel ’angina’ genoemd.
Ongeacht de oorzaak van de keelpijn verdwijnen de klachten meestal vanzelf, ook zonder 
behandeling met penicilline. Als u ’angina’ heeft, kan het zijn dat uw klachten iets sneller 
verdwijnen met penicilline dan zonder penicilline .
Het is onbekend hoelang zo’n penicilline-kuur moet duren. Bovendien weten we nog weinig over de 
invloed van penicilline op het afweersysteem van het lichaam, en de kans op nieuwe infecties.

Wat betekent deelname aan dit onderzoek voor u?
Consult vandaag:

Uw huisarts vond bij u (of uw kind) kenmerken die wijzen op ’angina’. De huisarts neemt een 
keelstrijkje af voor een kweek, om te kijken of er inderdaad bacteriën in uw keel aanwezig zijn.
U krijgt voor zeven dagen medicijnen mee in een doseer-tray. Uw huisarts en u weten niet welk 
medicijn u krijgt. De capsules kunnen gevuld zijn met penicilline-poeder of met een onwerkzaam 
poeder (melksuiker). Deze laatste capsules heten ’placebo’.

Het is voor het onderzoek belangrijk dat u de kuur van zeven dagen afmaakt.
Er zijn drie verschillende samenstellingen mogelijk van de kuur die u meekrijgt:
a) alle 7 dagen penicilline
b) 3 dagen penicilline, gevolgd door 4 dagen placebo
c) alle 7 dagen placebo.
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Verder ontvangt u een doosje met 20 paracetamol-tabletten, die u zonodig kunt slikken bij pijn of 
koorts. De gebruiksaanwijzing staat op het doosje vermeld.
Ook krijgt u een dagboek mee en een aparte vragenlijst. Vul het dagboek elke avond in, gedurende 7 
dagen. U noteert eventuele klachten, hoeveel pijnstillers u die dag gebruikte en welke temperatuur u 
die avond gemeten heeft.
Na 7 dagen is het dagboek volledig ingevuld. Wilt u dan nog de aparte vragenlijst invullen? Door 
uw antwoorden proberen we een indruk te krijgen van uw ideeen over gezondheid en ziekte.
Als u vragen heeft, kunt u contact opnemen met uw huisarts of de assistente. Doet u dit in elk geval 
als de klachten verergeren.
Telefoongesprek na 2 of 3 dagen:

De praktijkassistente belt u met de vraag hoe het gaat en ze maakt een afspraak voor een tweede 
bezoek.
Consult na 14 of 15 dagen:

U bezoekt de huisarts opnieuw en neemt de envelop mee waarin de (lege) doseer-tray, het doosje 
paracetamol, de ingevulde vragenlijst en het dagboek.
De huisarts neemt opnieuw een keelstrijkje af.
Telefoongesprek na 2, 4 en 6 maanden:

U wordt gebeld door de assistente van dokter Zwart uit Kampen, die het onderzoek in samenwerking 
met uw huisarts uitvoert.
Zij vraagt u of u de laatste twee maanden klachten van de luchtwegen gehad heeft, zoals 
neusverkoudheid, hoesten, oorpijn of opnieuw keelpijn. Ook als u hiervoor niet opnieuw naar de 
dokter bent gegaan is dat voor ons belangrijk om te weten.
Zij vraagt uw huisarts nog hoe vaak u hem of haar bezocht heeft voor en na deze keelpijn-periode.

We beseffen dat we u belasten met extra vragen, juist in een periode waarin u last heeft van 
keelpijn.
Daarom stellen we uw deelname aan het onderzoek zeer op prijs. U kunt op elk moment van het 
onderzoek uw medewerking intrekken. Dan zal uw huisarts u verder net als anders behandelen.
De verwerking van uw gegevens geschiedt anoniem. Indien u interesse heeft in de uitkomsten van 
het onderzoek, dan krijgt u het verslag later toegezonden.
De regionale zorgverzekeraar OLM Het Groene Land subsidieert dit onderzoek.
De Universiteit Utrecht biedt wetenschappelijke ondersteuning.

Bij voorbaat hartelijk dank voor uw medewerking, mede namens uw huisarts, drs. P.Been {OLM Het 

Groene Land, Zwolle) en prof.dr R.A.de Melker {Universitair Huisarts Instituut,Utrechl),

met vriendelijke groet.

S.Zwart, huisarts te Kampen
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Appendix 1 (English) Keelpijn onderzoekje

regio Zwolle

Information about the study on sore throats being conducted the Zwolle area.

Dear Sir, Madam,

You consulted your general practitioner today about a sore throat, either your own or that of your 
child.
At present, there is much ambiguity about the treatment of a throat infection. Because of this, your 
doctor has agreed to participate in a research project to determine the best treatment. This project is 
being conducted by Dr. S. Zwart, general practitioner in Kampen. Through this letter, we would like 
to explain to you why this research is so important and what participation in the study means to you.

The reason for this study
Most throat infection are caused by a virus. Medicine does not quicken the healing of such 
infections. Sometimes, however, the infection is caused by a bacteria. These infections are called 
'angina'. Whatever the cause of the sore throat, the complaints usually disappear by themselves. If 
you are suffering from angina, however, it is possible that your complaints will disappear a bit 
quicker with penicillin. One of the reasons for this study is that doctors do not yet know how long 
such a penicillin course should last. Another is that very little is known about the influence of 
penicillin on the human immune system and on the risk of new infections.

What does participation in this study mean to you?
Today’s visit

Your doctor considers your (or your child’s) symptoms indicative of angina. Because of this, the 
doctor will take a throat swab for culture to see if bacteria are indeed present in your throat. You 
will be given an envelope with various items necessary for the study. In it, you will find medicine 
(capsules) for seven days in a dosage tray. The capsules will be filled with either penicillin powder 
or an inactive powder (lactose). These latter capsules are called ’placebo’. Neither you nor your 
doctor will know which medicine you receive.
It is very important for the study that you complete the seven-day cure. There are three different 
cure combinations possible:
a) 7 days of penicillin
b) 3 days of penicillin, followed by 4 days of placebo
c) 7 days of placebo
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In the envelope, you will also find a box with 20 paracetamol tablets to take when needed (for either 
pain or fever). The directions are on the box.
The envelope also contains a diary and a separate questionnaire. Please fill in the diary each evening 
for 7 days, noting any complaints, how often you took a painkiller that day, and what your 
temperature is that evening. After 7 days, the diary should be complete. Will you then please fill in 
the questionnaire? Through your answers, we hope to gain insight into your ideas about health and 
illness. If you should have any questions, please contact your doctor or the assistant. Contact them, 
in any case, if your complaints should worsen.
Phone call after 2-3 days

The doctor’s assistant will call you to ask how you are doing and to make an appointment for the 
second visit.
Visit after 14-15 days

At this time, you will consult your doctor again, bringing with you the envelope containing the 
(empty) dosage tray, the box with paracetamol, the filled-in questionnaire, and the diary. The doctor 
will take a new throat swab.
Phone calls after 2, 4, and 6 months

On these days, you will be called by Dr. Zwart’s assistant. She will ask if you have had any 
complaints in the previous two months, for example, a cold in the nose, coughing, an earache, or a 
new bout of sore throat. It is very important for the study that you mention any complaints, even if 
you did not need to consult your doctor about them. The assistant will also ask your doctor how 
often you have visited him/her before and after the present sore throat episode.

We realize that we are burdening you with extra questions in a period when you are not feeling well. 
That is why we really appreciate your participation in the study. You may cease participation at any 
time during the study. Your doctor will not think differently of you. The processing of your data will 
occur anonymously. If you are interested in the results of this study, you will be sent a report. The 
regional health insurer ’OLM Het Groene Land’ is subsidizing this research. The University of 
Utrecht supports it scientifically.

On behalf of your doctor, doctor P. Been (OLM Het Groene Land, Zwolle), Prof. Dr. R.A. de 
Melker (Department of General Practice, Utrecht University), and myself, thank you for your 
participation.

Sincerely,
S. Zwart, general practitioner, Kampen
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Appendix 2 (Nederlands) Keelpijn onderzoek

regio Zwolle ^

Dagboek patiënt dag 1-7

1. ’s Avonds temperatuur meten
gemeten in:

...gr Celsius
anus / mond / oksel (omcirkelen)

2. Had U keelpijn vandaag? □ geen
□ weinig
□ matig
□ veel
□ zeer veel

3. Werd U beperkt in uw normale bezigheden 
vandaag?

□ geen
□ weinig
□ matig
□ veel
□ zeer veel

4. Heeft U vandaag school/werk hervat? □ ja □ nee □ niet van tc

5. Zijn er bijwerkingen van de medicijnen? huiduitslag □ ja □ nee
(deze verschijnselen waren nog niet aanwezig misselijkheid □ ja □ nee
bij het bezoek aan de dokter) diarree □ ja □ nee

buikpijn □ ja □ nee

6. Heeft U vandaag de medicijnen volgens □ ja □ nee. omdat
voorschrift ingenomen?

7. Heeft U vandaag paracetamol of een andere □ ja □ nee
pijnstiller gebruikt? 
Zo ja, hoe vaak? keer

8. ruimte voor andere klachten/opmerkingen
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Appendix 2 (English) Keelpijn onderzoekje

regio Zwolle \ «

Patient diary 1-7

1. Fever (at night)
measured:

... gr Celsius
rectally / orally / axillary (encircle)

2. Sore throat today?

3. Activities today?

□ none
□ mild
□ discomforting
□ distressing
□ horrible / excruciating

□ normal level
□ some reduction
□ moderate reduction
□ large reduction
□ totally incapacitated

4. Did you resume school or work today? □ yes □ no □ irrelevant

5. Did you experience side-effects of the rash □ yes □ no
medication? nausea □ yes □ no

diarrhoea □ yes □ no
abdominal pain □ yes □ no

6. Did you take the medication given according to □ yes □ no, because
the prescription?

7. Did you take paracetamol or another painkiller □ yes □ no
today?
If so, how often? ... times

8. Other remarks
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Appendix 3 (Nederlands)

Vragenlijst

Keelpijn onderzoek JIH

regio Zwolle ■

In deze lijst vragen we uw mening over een aantal uitspraken die met gezondheid te maken hebben. 
Indien uw kind de patiënt met keelpijn is, wilt u dan als ouder/verzorger uw eigen mening geven, en 
niet die van uw kind?
De uitspraken 1-20 gaan over uw verwachtingen over zorg bij alledaagse klachten.
De uitspraken 21-38 gaan over uw houding ten aanzien van ziekte en gezondheid.

Wilt u telkens één van de vijf mogelijkheden omcirkelen?

1. Helemaal mee eens
2. Mee eens
3. Deels mee eens, deels mee oneens
4. Mee oneens
5. Helemaal mee oneens

1. Als je bij wandelen benauwd wordt en elke paar minuten moet rusten dan is het raadzaam de 
huisarts te bezoeken.

2. Een verzwikte enkel kun je zelf behandelen.
3. Als misselijkheid en overgeven na één ä twee dagen niet over zijn dan vraag je de huisarts om 

raad.
4. Bij een vastzittende hoest die een week duurt, zorg je zelf voor verlichting.
5. Als een pijnlijke stijve nek al een dag of drie duurt dan wordt het tijd een bezoek aan de 

huisarts te brengen.
6. Als je regelmatig moeilijk inslaapt blijf je zelf naar oplossingen zoeken.
7. Als je bij trappen lopen opeens heftige pijn op de borst krijgt dan moet je de huisarts 

waarschuwen.
8. Last van aambeien kun je verlichten door zelf je voedings- en toiletgewoonten te veranderen.
9. Bij griep met koorts vraag je de huisarts even langs te komen.
10. Als je in één maand twee of drie keer bloed hebt gezien in je urine, dan is dat zo weinig dat 

je gerust kunt afwachten.
11. Voor keelpijn vraag je advies aan de huisarts.
12. Als je je al een paar weken nerveus, gejaagd en gespannen voelt, dan is het goed de huisarts 

om kalmerende middelen te vragen.
13. Maagpijn en zuurbranden na het eten kun je op verantwoorde wijze geheel zelf behandelen.
14. Na een paar dagen pijn in je rug is het oordeel van de huisarts nodig.
15. Als je groen slijm ophoest dan is het verstandig naar de huisarts te gaan.
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16. Vermindering van hoofdpijn kun je meestal zonder iets in te nemen zelf bereiken.
17. Als je je futloos voelt en moe, is een bezoek aan je huisarts aan te raden.
18. Als je een spier hebt verrekt kun je rustig afwachten en eventueel de pijn zelf bestrijden.
19. Na een dag of drie diarree is het nodig dat de huisarts je behandelt.
20. Voor een verkoudheid die langer dan een week duurt werkt niets beter dan wat je gewoon zelf 

kunt doen.

21. Regelmatig contact met mijn huisarts is voor mij de beste manier om ziekte te voorkomen.
22. Als ik ziek word, heb ik voldoende reserve om mezelf weer op de been te helpen.
23. Het ziet er naar uit dat mijn gezondheid vooral bepaald wordt door toevallige omstandigheden.
24. Zodra ik me niet goed voel, zou ik eigenlijk naar een arts moeten gaan.
25. Het ligt aan mezelf als ik ziek word.
26. Het belangrijkste wat invloed heeft op mijn gezondheid is mijn eigen doen en laten.
27. Een goede gezondheid is vooral een kwestie van alles meehebben.
28. Ik ben zelf verantwoordelijk voor mijn gezondheid.
29. Als ik herstel van een ziekte is het meestal omdat andere mensen goed voor me gezorgd 

hebben (artsen, familie, enz.).
30. Als er iets misgaat met mijn gezondheid, dan is dat mijn eigen fout.
31. Als ik gezond blijf, dan heb ik geluk gehad (is dat pure mazzel).
32. Zelfs als ik me goed in de gaten houd, is het gemakkelijk om ziek te worden.
33. Met betrekking tot mijn gezondheid kan ik alleen maar doen wat mijn arts me voorschrijft.
34. Als ik mezelf goed in de gaten houd, blijf ik er lekker gezond bij.
35. Als ik ziek word, heeft het lot dat zo beschikt.
36. Als ik goede maatregelen neem, kan ik best gezond blijven.
37. Als ik me ziek voel, weet ik dat het is omdat ik me niet voldoende in acht heb genomen.
38. Als ik maar goed voor mezelf zorg, kan ik ziekte voorkomen.
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Appendix 3 (English) Keelpijn onderzoe

regio Zwol
Self-Efficacy Scale (items 1-20)
Health Locus-Of-Control Scale (items 21-38)

In this questionnaire, we ask your opinion on some statements regarding health problems and health 
care.
Statements 1-20 deal with your ideas about the treatment of some common complaints.
Statements 21-38 deal with your attitude towards health and disease.

Please circle one of the following five options for each statement:

1. Fully agree
2. Agree
3. Partly agree, partly disagree
4. Disagree
5. Fully disagree

1. If you become short of breath while walking and must rest every few minutes, it is advisable
to consult your general practitioner.

2. You can treat a twisted ankle yourself.
3. If nausea and vomiting persist more than one or two days, you should contact your general 

practitioner.
4. You yourself can relief the symptoms of a congestive cough lasting one week.
5. If a stiff neck takes still exists after three days, it is time to consult your general practitioner.
6. Even if you frequently have difficulty falling asleep, you continue to look for solutions

yourself.
7. If you suffer a sudden, severe chest pain when climbing the stairs, you should call your 

general practitioner.
8. You can alleviate a hemorrhoid problem by changing your eating and toilet habits.
9. If you have the flu with a fever, you should ask your general practioner to make a house call.
10. If you’ve had blood in your urine two or three times in one month, you do not need to take

any action right away.
11. You should ask your general practitioner for advice about a sore throat.
12. When you have been nervous, agitated, and tense for some weeks, you should ask your 

general practitioner for some tranquilizers.
13. You can safely treat stomach pain and heartburn after a meal yourself.
14. The general practitioner’s opinion is needed if you have been suffering from a backache for

several days.
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15. If you cough up greenish phlegm, it makes sense to consult your general practioner.
16. Alleviation of a headache can usually be achieved by yourself without medication.

17. If you feel washed-out and tired, it is advisable to consult your general practitioner.
18. When you strain a muscle, it is best just to rest and, if necessary, alleviate the pain yourself.
19. Treatment by a general practitioner is necessary if diarrhea lasts more than three days,.
20. Nothing more can be done for a common cold lasting more than a week than what you can do

yourself.

21. Regular contact with my general practitioner is the best way for me to prevent illness.
22. When I become ill, I’ve enough reserves to get myself going again.
23. It looks as if my health is mainly determined by coincidences.
24. As soon as I feel sick I should see a doctor.
25. It’s my own fault if I get sick.
26. My own doings are the most important factor in determining my personal health.
27. Enjoying good health is mainly a question of good luck.
28. I’m responsible for my own health.
29. My recovery from an illness is usually because other people have taken good care of me (such 

as doctors, relatives, etc.).
30. I am to blame if something goes wrong with my health.
31. If I stay healthy, it’s because I am lucky.
32. Even if I take good care of myself, it’s easy to fall sick.
33. With regard to my health, I only do what my doctor advises.
34. If I take good care of myself. I’ll stay healthy.
35. My becoming sick is determined by fate.
36. If I take proper precautions, I can stay healthy.
37. If I feel ill, I know it’s because I haven’t taken care of myself.
38. As long as I take good care of myself, I can prevent illness.
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Dankwoord

Dit proefschrift kon alleen tot stand komen dankzij de bijna 700 patiënten met 
keelpijn, die zich zo ziek voelden dat ze hun huisarts om raad vroegen, en voor ‘het 
goede doel' capsules met onbekende inhoud slikten.
Deze patiënten werden enorm gemotiveerd door de hieronder genoemde huisartsen in 
de regio Zwolle en hun enthousiaste assistentes.
Dank jullie wel!

Balkbrug
Dedemsvaart
Dalfsen
Elburg
Emmeloord
Haarle
Heerde

Kampen

Lemelerveld
Oldebroek
Ommen

Kaalte
Y sselmuiden 
Zwolle

Henk Duistermaat en Bert Schreuder
Dieter Boswijk, Dirk Branbergen, Harm Knol en Wout Meyboom
Jan Boerstra en Jan de Groot
Frank en Geessien Hutten
Klaas van der Wal en Noud Wijnen
Leendert van Haaften
Evert Jan van Apeldoorn, Thera van den Hurk, Marten Luiting en 
Simon Verhoeven
Tabe Annema, Klaas Bakker, Jan Boddeüs, Aalt Boers, Netty Brink, 
Auke Mulder, Jan Posthouwer, Dirk Prins, Rob Verheij en Ruud 
Weers
Ad Goede en Ernst Jansen 
Phia Rijneke/Eric de Vries
Michiel Andriessen, Henk Jan Bezemer, Roelof Draaijers, Paul 
Habets en Bert Lock 
Jan Smeekens
Paula Gille, Robert Jan Kars, Derk Meulman en Roeland de Wilde 
Saskia Bakker, Frans Bank/Mieke Smeele, Jules ten Berg, Jaap de 
Boer, Frans Drion, Herman Fluyt, Eric de Groot, Tiele Jansen, Edy 
de Jong, Jos Lemmens, Christian Meyer, Fred Ridderbos, Wim 
Segers, Roelf Sikkema, Hans Speijers/ Kristien Baurigter, en Eric de 
Vries.

Dank ook aan vele anderen achter de schermen, de eerstvolgende zes herkenbaar als 
mede-auteur van één of meer hoofdstukken, de overigen zijn herkenbaar omdat ik ze 
noem, en onherkenbaar als ik dat vergeet.
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Prof. dr R.A. de Melker, beste Ruut, je maakte vanaf de start duidelijk dat je geen 
geld had voor dit project, echter je compenseerde dit door je persoonlijke 
betrokkenheid en inzet. Jouw relativeringsvermogen (’Haat je me al, Sjoerd?’) deed 
wonderen op de juiste momenten. Met zichtbare voldoening liet je geregeld de 
hectiek van ’het Utrechtse’ achter je voor een vergadering te Zwolle. Om de 
nachtelijke uren te vullen voor een vertraagde retourvlucht van een congres, ging je 
de discussie aan met mij als protestantse Kamper huisarts over de leer van de 
predestinatie, en besprak je tevens de opzet van deze dissertatie, niet gehinderd door 
de entourage van hard TL-licht en lauw Grieks bier.
Dr G.J.H.M. Ruijs, beste Gijs, van begin tot eind was je mijn maatje uit de regio, 
tijdens de tientallen vergaderingen op ’Het Groene Land’, maar ook in Utrecht en 
Bilthoven. Gelukkig ben je naast kenner van microben tevens connaisseur van 
Chinezen, juist die Chinezen zonder microben. Dat waren de lekkerste vergaderingen, 
toch?
J.W. Gubbels, beste Jan, je belangstelling ging verder dan de methodologische 
ondersteuning. Jij stond als enige niet-arts in de projectgroep borg voor de nodige 
nuchterheid, maar toonde tegen 5 december ook zoveel enthousiasme dat je het effect 
van de 7-daagse kuur slechts in dichtvorm wist uit te drukken.
Dr A.P.E. Sachs, beste Alfred, je viel zomaar binnen in het keelpijnproject, en dat 
was wennen. Toch leerde ik je steeds meer waarderen voor je creativiteit, en dus ook 
je humor. Op de receptie na Cariens promotie overtuigde je mij van het belang van 
keelkweken bij gezonde personen. Later temperde je mijn ongeduld door mij te laten 
zien dat een publicatie of promotie geen doel op zich is.
Prof. dr D. Post, beste Doeke, ook jij werkt nu in het mij dierbare Groningen, maar 
gelukkig nog niet in 1993. Toen had je de gelegenheid je te verdiepen in mijn 
onderzoeksvoorstel en je sterk te maken voor de financiering, maar ook voor het idee 
de gezondheidsattitude van de patiënten te meten.
Prof.dr A.W. Hoes, beste Arno, evenals je hierboven genoemde collega werd je in de 
loop van ons project hoogleraar. Zoals Doeke Post bij de geboorte aanwezig was, was 
jij er toen het project tot wetenschappelijke wasdom moest komen. Ik weet nu dat ik 
het voorbeeld van de goudvissen moet gebruiken als je me uithoort over odds ratio’s 
of regressietechnieken. Jammer dat je voorganger, professor Fransje Touw, de 
realisatie van haar ideeën over de case-control studie niet meer kon meemaken.

Hoog tijd om de ’auteurs’ van het groot patiëntenboek en bijbehorende computer
bestanden te noemen. Yvonne Mulder-Kamermans, onze toertochten door de regio,
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op weg naar een volgende trainingssessie met dokters en hun assistentes, het fraaie 
weer en het doelpunt van Bergkamp (WK’94) op de autoradio gaven mij het gevoel 
dat het wel goed zat met ons project. Met een dikke buik voerde je later de data in, 
in de slaapkamer-computer. Gerben Kajim, je nam als theoloog in spé de taken van 
Yvonne met verve over door compassie te blijven tonen tijdens de meer dan 
tweeduizend telefoontjes met onze patiënten. De computer op de eettafel dwong je 
met het bord op schoot te eten. Dank!
Het enthousiasme van de medewerkers van het microbiologisch lab in Zwolle werkte 
aanstekelijk, naast Gijs Ruijs speciale dank aan Maurice Wolfhagen en aan de 
laborantes Heleen Moeys en Marriet Borggreve. Op het RIVM in Bilthoven waren 
Joop Schellekens en Nan van Leeuwen de meedenkers, en Kees Elzenaar en Henk 
Brünings verantwoordelijk voor de uitvoering van de testen. Dank! In Leiden deed 
Gerard van Asselt me kennis maken met tolerantie-testen. Dank voor je 
betrokkenheid, je hebt heel wat uren en reiskilometers aan onze studie besteed. 
Dankzij de steun van Groene Land Verzekeringen, voorheen het regionale 
ziekenfonds, en de Stichting Gezondheidszorgonderzoek Ysselmond is dit project van 
de grond gekomen. We hebben als projectgroep jaren genoten van de gastvrijheid aan 
de Zwolse Zwartewaterallee, hartelijk dank, met name aan Piet Been en Ale 
Bleijenburg.
De Apothekerscombinatie Ysselmond, in het bijzonder Kees Dijksterhuis, wil ik 
hartelijk danken voor de bereiding van de penicilline- en placebo-capsules, keurig op 
schema, alsof jullie dit soort klussen wekelijks doen!
Terug naar Utrecht, waar Carien Dagnelie en ik op een zonnig terras aan de 
Bijlhouwerstraat haar keelpijn-protocol zo ongeveer halveerden voor mijn studie. 
Mede dankzij jouw aanbevelingen, Carien, konden we zoveel patiënten insluiten. Vier 
jaar later gaf professor Theo Verheij mij de ruimte de studie ’op niveau’ te voltooien. 
Het bleek enorm stimulerend om in die laatste fase andere arts-onderzoekers om me 
heen te hebben. Nicoline Lewin, als kamergenoten genoten we van onderzoek doen, 
en konden we de bijbehorende frustraties primair -en dus prima- kwijt aan elkaar. 
Overbuurman Roger Damoiseaux, de ’New England trip’ moeten we nog even 
uitstellen, maar onze trips over trials en tropen pakt geen tijdschriftredactie ons meer 
af. Monique den Hartog, je hebt meer gezweet dan in de sauna, zeker toen je op een 
zaterdag nog even het manuscript kwam afgeven, j Muchas gracias! Ria Gerritsen en 
Peter Zuidhoff, de samenwerking kwam als vanzelf, misschien wel omdat we tegelijk 
in dienst kwamen van de universiteit.
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Tot slot terug naar de bakermat, naar Kampen. De praktijk, die Erna en ik in een 
paar jaar opbouwden is goed blijven draaien. Onmisbaar was het vertrouwen van 
mijn maten Rinke van der Hoef en Dirk Prins, van de praktijkassistentes, en van de 
gehele huisartsengroep. Dank ook voor de inzet van de waarnemers in die zes jaar: 
Jacobien van Overstraten, Ineke Donk, Fernanne Verhoeven, Con Geboers en Carla 
Broekhuizen. Mijn fiets- en hardloopmaatjes Jeep Kuipers en Wemer Gugler lieten 
mij voelen dat juist als je loslaat, je ontvankelijk wordt voor nieuwe ideeën. Want: 
’writing is a thinking process’.
Met mijn vier vrouwen, aan wie ik dit boekje opdraag, wil ik afsluiten. Lieve Erna, 
mijn dank aan jou is niet uit te drukken in de hoeveelheid volle fietstassen, volle 
kindermagen en volle wasmachines, die ik aan jou liet. Je gaf mij deze kans en je zag 
dat ik ervan genoot. Onze relatie hield stand, juist ook toen je je eigen spoor trok met 
een nieuwe baan los van onze praktijk. Lieve Margreet, Jolijn en Inge, we gaan echt 
nog een keer naar Ajax, en jullie gaan me weer vaker zien, als jullie tenminste niet te 
vaak mijn plaats aan de computer gaan innemen! Maar ja, onderzoek doen op internet 
is eigenlijk ook best leuk.
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Curriculum vitae

Sjoerd Zwart werd geboren op 7 oktober 1955 in Bruinisse. Hij groeide op in Yelp, 
volgde het gymnasium B aan het Christelijk Lyceum te Arnhem, en behaalde in 1974 
het eindexamen. Vervolgens studeerde hij geneeskunde aan de Rijksuniversiteit 
Groningen en behaalde in 1981 het artsexamen. In zijn Groningse tijd voltooide hij 
tevens de propaedeuse in de Spaanse taal- en letterkunde, verrichtte veldonderzoek in 
Colombia, liep stage in Zwolle en in Kenia, en was mede-oprichter van de landelijke 
werkgroep ’Babyvoeding en de Derde Wereld’.
Ter voorbereiding op uitzending naar de tropen werkte hij van 1981 tot 1983 in het 
Zeister Ziekenhuis (opleider J.D.C.H.Graswinckel) en in het Streekziekenhuis 
Gooi-Noord (R.Dik, H.P.N.W. Hoedemaker en M.A.N. Gerrits). Van 1984 tot 1987 
werkte hij -via Dienst over Grenzen- in Dormaa Hospital, Ghana.
Na terugkeer uit Ghana volgde hij de éénjarige beroepsopleiding tot huisarts, vanuit 
de Universiteit Utrecht (H.H.G.de Jong), in het gezondheidscentrum van Maarn 
(opleiders E.D.van der Snoek en L.Bussemaker).
In 1989 vestigde hij zich als huisarts te Kampen, en was in 1996 mede-oprichter van 
de groepspraktijk Berent Avercamp. In de regio Zwolle was hij voorzitter van de 
Warffum-nascholingscommissie, en momenteel bekleedt hij deze functie in de 
regionale Stichting Terminale Thuiszorg. Voor het Nederlands Huisartsen 
Genootschap werkte hij mee aan de NHG-standaard ’Vaginaal Bloedverlies’, en aan 
herziening van de standaarden ’(Dreigende) miskraam’ en ’Acute keelpijn’.
In 1993 verkreeg hij subsidie van het toenmalige ziekenfonds ’Het Groene Land’ 
voor zijn plan een interventieonderzoek te verrichten op het gebied van acute keelpijn 
in de regio Zwolle. Vanaf 1994 kon hij een dag per week zich vrijmaken voor opzet, 
training en begeleiding van huisartsen en assistentes, en data-analyse. Vanaf 
september 1997 heeft hij een 0.2 aanstelling bij de vakgroep Huisartsgeneeskunde 
van de Universiteit Utrecht.
Hij is getrouwd met Erna Klok en heeft drie kinderen.
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STELLINGEN

behorend bij het proefschrift 

“Sore throat, streptococci and penicillin”

Utrecht, 24 juni 1999

S. Zwart



1. Dat het poneren van stellingen ontdaan is van haar 
verplichtend karakter past in een post-moderne wereld; het is 
de ultieme bevestiging van de pluriformiteit van de waarheid.

2. Naarmate tijd een schaarser goed wordt in de westerse 
samenleving, is een ziektewinst van 2 dagen bij gebruik van 
penicilline een recht van de patiënt, dat slechts dan leidt tot 
claimgedrag als adequate voorlichting ontbreekt.

3. De gemiddelde consultduur voor acute keelpijn is terecht 
kort: De huisarts hoeft slechts tot vier te tellen. (Vrij naar de 
NHG standaard Acute Keelpijn)

4. De 'strep-test' is voor kinderen te vaak fout-positief, en voor 
volwassenen te vaak fout-negatief, om het beleid bij acute 
keelpijn te bepalen.

5. Aan de interpretatie van de keelkweek herkent men de 
dokter’s kweekschool.

6. Indien de remmende invloed van de normaal in de keel 
aanwezige a-streptokokken op potentieel ziekmakende ß- 
strepto kokken toeneemt na het verwijderen van de 
keelamandelen, kunnen we de afdeling 'Sloopwerken' 
veranderen in 'Milieutechniek'.
(Vrij naar Fujimori 1995, dit proefschrift)

7. De uitdaging van de huisarts anno 2000 ligt niet in de 
bestrijding van ziekte, maar in de bestrijding van angst voor 
ziekte.



8. Die dokter is een krachtig medicijn, welke streeft naar een 
balans tussen wetenschap en geloof, tussen evidence-based 
medicine en de zoektocht naar levensgeluk.

9. Indien de toename van het aantal vrouwelijke huisartsen 
gepaard gaat met een afname van het aantal verhalen in 
damesbladen over foutieve inschattingen van de huisarts, is 
de emancipatie van de huisarts geslaagd.

10. De commercialisering van de regionale zorgverzekeraar 
verlaagt het kostenbewustzijn van de arts in het veld.

11. Gezondheidszorg: Taakvergroting in de eerste lijn hangt 
samen met schaalverkleining in de tweede.
(Zwart S, Voorhoeve HWA. Community health care and hospital 
attendance: a case study in rural Ghana. Soc Sei Med 1990;31: 711 -8 en 
Zwart S, Meulman DJ. De casus-Kampen. Med Contact 1997;52:612-3)

12. Taal is in dienst van misleiding een scherp ciselerend 
instrument, maar in dienst van de waarheid een stompe bijl. 
(Nelleke Noordervliet. De naam van de vader)

13. Het adviseren aan de cliënt van een ontspannen houding is 
dagelijkse kost voor huisartsen. In die zin komt hun de term 
'relax-ondernemer' eerder toe dan aan souteneurs.
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